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^ (57) Abstract: The invention relates to an artificial intervertebral disc for placement between adjacent vertebrae. The artificial 
© intervertebral disc is preferably designed to restore disc height and natural disc curvature, allow for a natural range of motion, absorb 
® shock and provide resistance to motion and axial compression. Furthermore, the intervertebral disc may be used in the cervical, the 
thoracic, or the lumbar regions of the spine. The artificial intervertebral disc may include either singularly or in combination: an 
Q interior including at least one spring member preferably incorporating a arcuate surface member, a flexible core, the flexible core 
£^ preferably being a slotted core, a ring spring, a winged leaf spring, or a leaf spring, or. The articulating member preferably being 
^ attached to one of the endplate by an intermediate shock absorbing element 



BEST AVAILABLE COPY 



WO 2004/016217 A2 IlIIIIIIIIlIlllllllllllINIIIIIIIl 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the I'd Gazette. 



> WO 2004/016217 PCT/US2003/025536 



V 



CONTROLLED ARTIFICIAL 
INTERVERTEBRAL DISC IMPLANT 

Field oti the Invention 

5 {00O1 ] The invention is related to devices and methods for the treatment of 

ttaurna arid diseases of the spine. More particularly, the invention relates to intervertebral 
disc replacement 

Background op the Invention 
[0002] A variety of conditions' such as spondylolysis, disc herniation, 
1 0 compression of spinal cord nerve roots, degenerative disc disease, and trauma are known to 
c rose severe discomfort, requiring medical' attention. Among the procedures currently used 
U > alleviate such conditions are spinal fasipn, such as intervertebral and posterolateral fusion 
cir arthrodesis. In these procedures, two adjacent vertebral bodies are fused together. The 
a fected intervertebral disc is first excised; 1 and an implant is inserted which accommodates 

* ' Si' ' 

15 b rae growth between the two vertebral bodies to effectively bridge the gap left by the disc 
n move! A number of different implant materials and implant designs have been used for 
fi ision with varying success. Although intexvertehral and posterolateral fusion are- widely 
u ted, drawbacks to their use include a reduced physiologic range of motion and other, fusion 
re lated complications such as degeneration of adjacent discs and destabilization of the 
20 f£ actional spinal unit As a result, alternative treatments with fewer complications, but 

si rnilar efficacy to fusion, arc desirable, cjne such alternative to spinal fusion is arthroplasty 
m id theiuse of a prosthetic or artificial disc!. 

[0903] In general, arthroplasty is used in the replacement of diseased jo&its. ' 
plasty involves a set of procedures directed to maintaining motion of the joint; ' 
25 thjereby preserving its integrity and keeping the adjacent motion segments from. 

deteriorating, as they tend to do after fusion. Depending on the location and the condition 
of the affected joint, specific arthroplasty procedures may be used. For example, 

positional reconstruction surgery* which reshapes the joint and adds a prosthetic* disk 
between. the two bones forming the joint isicommonly used on elbow, shoulder^ ankle, and 
30 finger joints. Total joint replacement or total joint arthroplasty, replaces the entire diseased 
joint with an artificial prosthesis and, in re|ent years, has become the operation of choice 
frif most knee and hip problems. 

* [0004] Hip and knee replacements are particularly widespread with nearly 
3Qpi000 hip replacements and about as many knee replacements perfonried in theltJnited 
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Spates jn2001. With respect to the knee and hip joint replacement surgeries, the^ are 
• severe! implants or prosthetics available. : f 6i the hip prosthetic, in an exemplary jdesign, 
t^ere areiwo components, one is a metal bail attached to a metal stem which is fitted into 
tJjie femur* and the second is a matching plastic socket which is implanted into the pelvis. 
5 ijhe metal pieces, are generally formed fromstainless steel, alloys of cobalt and chrome, 
tijtanium, and alloys of titanium; the plastic pieces are generally formed from lugh-density 
pbJyethyiene. Far the knee prosthetics, in'.ah exemplary embodiment, metal and plastic 
components are again used to replace the damaged bone ends and cartilage. The metal 
pieces are generally formed from stainless- steely alloys of cobalt and chrome, titanium, and 
10 alloys of trtanjum; the plastic pieces are generally formed from high-density polyethylene, 
j [0005] Although the evolution; of spinal arthroplasty and the use of prosthetics 
i4 the spine has been similar to that of other joints in the body, evolving from fusing the 
jejint to replacing the functional joint, the advent of spinal athroplasty, however, has been 
slower th&n arthroplasty in other major joints in the body. A few of the possible reasons 
IS wjhy spinal arthroplasty has been delayed*?? that spinal problems related to disc » 

degeneration are difficult to diagnose, spinal procedures are typically crisis-driven and thus 
conservative solutions such as fusion are acceptable, and spinal anatomy is complex. 

| [0006] Over the past 40 years ispinal arthroplasty technologies have bean under ■ 
development and in the last 10 years spinal arthroplasty has won the attention of leading 
sijrgeons and implant manufacturers. The -evolution of spinal arthroplasty essentially began 
(the 195p*s and one of several emerging concepts was the spherical concept of the disc 
scs. The spherical concept is simply the placement of a ball, essentially 

, in the cavity of the nucleus pulposus after a discectomy procedure, has been ■ 
Hie annulua is kept in place andjthe ball serves as a nucleus replacement 
Various materials have been experimented with for the spherical concept For 
pie, in the early 1960 r s, implants using silicone ball bearings were implanted -into the 
/ical regions of patients, but the outcomes were uncertain. In the mid 1 960* s, stainless- 
st£el (ball* bearing) prostheses were implanted into patients. The results of the procedure 
were initially promising but over time the disc spaces lost height due to subsidence of the 
30 steel balls into the vertebral bodies. Presently, the concept of a spherical prosthesis 

continues to be examined using different triatjerials, the latest of which is a modified carbon - 
. filler, \ • ; 

[0007] Another emerging concept is the mechanical concept design. The 
xm jchaaical concept design is essentially a fotjal disc replacement product which is intended 
35 to- restore the range of motion of the vertebra} motion segment unit. These devices are often 
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comprised of metallic endplates fixed to the adjacent vertebral bodies via a stabilization 
mechanismiand at core formed from polyethylene or other polymeric materials. 1 
Alternatively, instead of a core, bearing surfaces can be used, the bearing surface materials 
bfeing ceramic-on-ceramic, metal-on metalpor metals-polyethylene. The mechanical ; 
design concept is based on the same principles as joint reconstruction products, such as' 
kpee and hip replacements, and a variety ojf mechanical design prostheses concepts have 
been proposed and continue to be proposed; 

[0008] Another concept is the^hysiological concept. The physiological 
t uses a hydrogel, elastomer, or polyurethane-based core which is intended to restore 
: disc function by absorbing and emitting fluid between the patient' s vertebral endplates, 
While also 'ipatntgming the natural shock absorbing or cushioning function of the disc. The 
physiological concept devices are generally-considered only a partial solution as they are 
I to replace only the nucleus or a portion of the disc, 

[0009]. All of the approaches fj> disc replacement are aimed' al some or all of the 

: alleviating discogenic pain, restoring range of motion, maintaining the natural 

•absorbing junction of the disc; restoring normal form or disc height, and restoring 

^logical kinematics. Generally, four exemplary types of artificial intervertebral discs 

hive been developed for replacing a porriah or all of an excised disc: elastomer/fluid filled • 

di 3cs, ball and socket type discs, mechanical spring discs and hybrid discs* 

[0010] Elastomer/fluid filled discs typically include an elastomer cushion or a 

fli rid filled chamber positioned between lower and upper rigid endplates. The cushions and 

ci ambers of these implants advantageously function, in mechanical behavior, similar to i the 

re noved mtferyertebral disc tissue. 

[PPU] : Ball and socket type discs typically incorporate two plate members 
■ * j • *. ! : 

ha ving cooperating irmer ball and socket portions which permit articulating motion of the 

m ^b<OTdtcpng movement of the spine. j. / 

!i[6pi2] : Mechanical spring disc^typically incorporate one or mc^coUdd : 
qapngs disposed between metal endplates, ^e coiled springs define a cumulative^ spring 
constant that is designed to be sufficient to maintain the spaced arrangement of the adjacent 
vertebrae while allowing normal movement of the vertebrae during flexion and extension of 
th< i spine in any direction. i* 

[0Q1 3] • The fourth type of artificial intervertebral disc, the hybrid disc 
inc orp orates two or more of the aforementioned design principles. For example, one known 
hy wid disc arrangement includes a ball and; socket joint surrounded by an elastomer ring;. 
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![«)14] . While each of the foregoing prostheses addresses some uf feejprobkms 
relating to mtervirtebral disc replacement; ««ch of the implants presents significant 
.drawbacks. Thus, there is a need for an intervertebral implant that accommodates the 
anatomy and geometry of the intervertebral ^pace sought to be filled as well as the anatomy 
and geometry of the ends of adjacent vertebral bodies, while providing reliability and 
si nplicity "in design. More particularly, 1here is a need for a spinal disc implant which 
m ovides stability for supporting the high loads apphed to mc vertebrae, permits' sufficient 
inability to allow the patient an approximate normal range of motion, provides for. axial 
cjnpression between adjacent vertebrae, anil has shock absorption abilities. 

I" . ST TMM&RY CtF J*ft!. INVENTION 

£0015] The invention rclate&to an intervertebral disc that is profitably 

deigned to restore disc height and lordosis, allow for a natural range of motion,: absorb 
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stock and provide resistance to motion and axial compression. Furthermore, the 
mW/eitebral disc may be used in the cervical, the thoracic, or the lumbar regions.pf the 
spine. ; 

I [jOCftfi] The intervertebral dte^ 
prfefcrably conforming in size and shape with at least a portion of the ends of adjacent 
ve rtehrae. The shapes of the intervertebral. : dbc include, but are not limited to, circular, 
oval, ellipsoid, kidney-bean, annular, C-shaped, D-shaped, etc. 

[0017] In one embodiment, the intervertebral disc includes an upper endplate, a 
to ver endplate, and an intermediate clastic membrane disposed between the upper and 
lower endplates. Alternatively, the elastic membrane may surround and encapsulate the 
endplates. The elastic membrane in combination with the upper and lower endplates 
deSnes an interior volume. The interior volume of the disc includes at least one spring 
elJment; the spring element being attached to the upper and lower endplates. Preferably, 
the spring element is attached to the lower endplate within a pocket or groove fornied on the 
inner surfece of fee lower endplate, while the upper end of the spring clement is attached to 
a iLni-spherical member. The hemi-spherical member is designed to mate with and 
articulate in a socket fonned on the inner siirfeceof the upper endplate. 

[001 8] Alternatively, the disc may be provided with a plurality of spring 
ele nents with each spring element extending .from the upper endplate to the lower fendplate, 
an< - each spring element may have a hemi-spherical members on both ends to mate with 
cor responding sockets formed on the inner .surface of the upper and lower endplates. The 
dis s ma^ also be configured such thai the dtec generally contains a first spring element 
sur »undedl>y a plurality of second spring elements unifoimly spaced around the first 
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spocingelcmerit. The, first spring element feiferably having a stiffness 'and/or spriftg ' 
it Which is greater than the stif&es^f the periphery spring elements. . r 
[0019] Furthennore, the disc :r^y - 
v^eareby only a portion of the spring elemfiois may be attached to a heihi-sphericsl member, 
5 ! with foeremaining spring elements being attached to the upper and lower endplates, 
'> praerably in pockets. In one exemplary embodiment, the first spring dement wiljh be 1 
aliabhed to a henri-spherical member white the surrounding peripheral second stprjng * 
aents Will be attached directly to the upper arid lower endplates. 

[0020] The disc may also include an elastomeric strut or ring in placej of one or 
10 aljl of the spring elements. Furthermore, the disc may incorporate casing members. » • 
[0021] The disc may also include a fluid disposed within the interior volume 
arid a valve forpennittmg insertion of andjeinoval of the fluid. 

[0022] * The upper and lower endplates are preferably formed of metal, such as 
, stainless steel, titanium alloys, cobalt-chromium alloys, or amorphous alloys. 
15 Alternatively, however, the upper and lower endplates may be formed of ceramics, 
cc myosites, polymers, such as poly-ether-ettier-ketone (Le., PEEK) or an ultra high • 
mrieculttwri^tpolye^ ■ 
al pgraft, autograft, xenograft, demineralizfcd or partially demincraKzed bone, or any other 
m aerials able to serve as load bearing supports. The materials chosen for the endplates, in 
20 .cc mbination .with the desired fluid, are preferably selected to reduce the amount of wear, 




arid timsiincrease the life of the joint. 



[0023] 1 ' The outer surface of the ; trpper. and lower endplates may be sutistantially 

•fls t, wedge-shaped, etc. The outer surface^iof the upper and lower endplates may also: be . 

do me shaped; with their radii defined in the sagittal and coronal planes to generally niatbh 
* • * • .•** * * * * . ■ 

25 those of the ends of the adjacent vertebra. The dome shape allows the upper and lower 

en iplates to better conform with the ends of the adj acent vertebrae for a better fit in situ. 

[0024] The intervertebral disc also preferably includes migration-resistant 

strjictures provided on the outer surface of at least one or both of the endplates to impede 

movement^ dislodging, or expulsion of the endplates within and from the ends of the 

30 : adjacent vertebrae. The migration-resistant^structures include, but are not limited to, flaps, 

. spitees, teeth, fins, deployable spikes, deplorable teeth, flexible spikes, ijexible teeih, 

alt triatively shaped teeth, insertable or expandable fins, screws, hooks, serxations,iibs,; and 

tax tured surfaces. 

: ! [0025] Furthermore, the upper ani lower endplates also preferably coated with 
35 ah me growth inducing or conducting subsjgnce to promote bony ingrowth to permanently 

5 
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■ secure *he disc cp.the adjacent vertebrae. Alternatively, the upper and lower en^lates;may 
have a roughened surface; a porous surface; laser treated endplate layers; integrate an : 
osteoccmductive/osteoinductive scaffold; or may be provided with or made from an integral 
o&epconduptive and/or osteoinductive material to promote bony ingrowth. The endplates 
5 -may further include a membrane. and/or a:barrier to limit the amount and/or depth of bony 
ingrowth. j "■« 

• [CMJ^S] The upper and lower endplates may also have implant instrumentation 
attachment,! guiding, and retainment structures. For example, the endplates may have.holes, 
slots, threads, or a dovetail for implanting the implant and/or distracting the adjacent 
10 vertebrae, For example, the disc may include a slot formed in the upper and/or! lower \ 
endplates* the slot being configured to receive an implant insertion instrument, a abstractor 
or both, " ! : ■ 

■\ ' [00^7] The upper and lower endplates may also preferably include iajrticulafbg 

■ • t •. ■ ..... 

surfaces, thus providing the intervertebral^clis& with greater mobility. The articulating " 

15 surfaces preferably including a surfi«:epoiteh.or sinnlar we 

,diampnd finish, TiNi finish, etc. in order to minimize wear, decrease particle gejneration, 
and increase^ disc life. j 

; ' - [O02S8] In some embodiments, the interior of the disc may include a leaf spring 
attached on one end to the upper and/or lower endplate but unattached on the other" end.- 

20 Disposed between the ends, the leaf spring preferably includes an enlarged convex. 

intermediate section which mates, articulates, and slides with the inner surface of one of ifhe 
endplates. Preferably, the unattached end of the leaf spring is attached to a roller by means 
of an axle, the axle allowing the roller to freely rotate thus permitting the leaf spring to ' : 
mpve fiedyjduring the flexing of fee spring.* j '/ 

25 ' j* [0029] In senne embodimerjts,!die;interior volume of the disc includes; an 

articulating member which is attached to the upper or lower endplate. The articulating " 
member preferably being attached to one of the endplate by an intermediate shock" ' 
absorbing layer. The shock absorbing layer'preferably being an elastomer, polymer'fibers, 
polyurethand, silicone, or other suitable elastic material having shock absorbing ^properties. 

30 [0030] In other embodiments, the disc generally includes an upper endplate, a 

lortrer endfrlate, and a flexible core disposed between the upper and lower endplites, 
preferably within pockets containing mating : surfaces. The flexible core preferably js either 
a 6 otted core, a ring spring, a winged leaf spring, or a leaf spring. The flexible member ; 
may be dimensioned and configured to provide flexion/extension, lateral bending, axial' 
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rotation, and/or. translation, depenr^ig on the loading conditions imparted on the" ; 
intervertebral disc. 

{0031] ' The intervertebral disc^inay be implanted in a module fashion* if 
ppssible^armay be implanted preassembleil :An anterior, anteriolateral, or lateral surgical 
5 ' approach may be used for the intervertebral disc. Furthermore, depending on the 
Mtenrertebral disc to be ui^ - 
simultaneous distraction and implantation'Surgical method may be used. Also depending 
. oil the intervertebral disc to be implanted, the Anterior Longitudinal Ligament may be * 
attached directly, to the .disc or to the adj^e^nt vertebral bodies. The Anterior Longitudinal 
1 0 ligament may be formed from partially demmeralized or demineralized autograft, allograft, 
or xenograft Alternatively, the Anterior Longitudinal Ligament may be formed fibm 
biocompatible materials such as elastomers, or braided polymers. To assist with t&fl. . 
. htrplantation of the intervertebral disc, the intervertebral disc may include alignment 



15 ! Brief Description ofthe Drawings 

[0032] To facilitate an understanding of and for the purpose of illustrating the 
present invention, exemplary and preferredjfearures and embodiments are disclosed in the • 
. accompanying drawings, it being understood, however, that the invention is not lirnited to 
this precise arrangements and instrumentalities shown, and wherein similar reference 
20 cHjaracters denote similar elements throughout the several views, and wherein: - 

[0033] Figure 1 is a perspective view of a first embodiment of an artificial ■ 
ht ;ervertebral disc according to the present invention; . ■ ! 

[0034] Figure 2 is a eross-sectfonal view ofthe artificial intervertebral- disc, of 
Fi sure. 1 taken along line A- A; 
25 " [0&3S] Figure 2a is an alternate cross-sectional view of the artificial 

. intervertebral disc of Figure 1 taken along- line A-A; 

[0036] Figure 2b is an alternate; cross-sectional view ofthe artificial 
intervertebral disc of Figure 1 taken along line A-A; 

[0037] Figure 2c is an alumafecaoss-sectiana] view ofthe artificial • 
30 intervertebral disc of Figure 1 taken along line A-A; 

j [P038] Figure 2d is an alternate cross-sectional view of the artificial 
intjeryertebral disc of Figure I taken along:Ebe.A-A; 

'( [0039] Figure 3a is a side view pf a deployable spike according to the present 
indention.'* . 
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.[0040] . • - Figure 3b is a side vie*,/of another depioyable spike accordin^U^ 



[0.§41] Figure 3c is side view &a flexible spike according to the pr^?nt • 

inyisntiottv • 
5 • ' V }• [0042] Figure 3d is a side view, of alternatively shaped teeth according to the 

. - pres^invention. 

! [0043] Figure 3e is aside view* : of anphors according to the present ^yenjkm, 
j . [0044] * ' Figure 4 is a cat>ss-sectiotoal view of a second embodiment ojfan 
atrial intervertebral disc according to the jnresent invention; 
10 ; : .[0Q45] * Figure 4A is a side vieitf.of the leaf spring and roller of the artificial ' 
int^ertebral disc .of Figure 4; 

j « ' [0^*6\ ' Figure 5 is a cross^ectitfwl view of a third embodiment of an'&rtific ial 
irietvertebral disc according to the present invention; . 
| | [0<U7] ' " Figure 6 is a perspectiye View of a fourth embodiment of an artificial 
15 i^verteliral disc according to the present iijvention: 

[0&48] Figure 7 is a perspective view of a fifth embodiment of an artificial 
. ixkcrvcxtohTBL disc :aceording to the present: invention; 

1 [0049] Figure 8 is a perspective view of a sixth embodiment of an artificial . 
in teryertebral disc -according to the present,invention; - i- . 

20 ! [0050] Figure 9 is a cross sectional view of a seventh embodiment of an. 

artificial intervertebral disc according to the present invention; 

[0051] Figure 9a is an alternate cross-sectional view of the seventh- embodiment 
of an artificial intervertebral disc according: to the present invention; 

[0052] • Figure 9b is an exploded -view of the seventh embodiment shown is 

25 ' Fi|guare.9a; ' . ■ i • 

•'. • [0QS3] , Figure 9c is an exploded; view of the seventh embodiment sjibwn is 

i * * \ 

Fijure9a;>nd - 

[0054] " ' Figure 10 is schematic view of a eight embodiment of an intervertebral 
• ' . • * ! ■ 

disc according tb the present invention. 

30 Detailed Description of the Preferre d embodiments ; 

[0OS5] Any of a wide variety of different implant structures can be prepared 
gto theteachings $hown by the illustrative examples of the intervertebral discs 
I herein. The intervertebral discs of the present invention arc preferably designed 




t. 



WO 2004/016217 



PCT/US2003/025536 



to restore the natural spinal curvature (or sagittal balance), disc height, to allow ;for a, nature 
ninge of motion, absorb shock and to provide resistance to motion and axial co^xe&sion. 
| * [0056] The intervertebral discs preferably are sized and adapted for use in the 
rical, thoracic, and lumbar regions of the spine. Also, the intervertebral discs can be 
t for each individual patient allowing for disc characteristics appropriate for the 
1 patient. For example, and artificial disc may be provided having a pair, of 
e&dplatesi and a core, and the core of the disc can include different assemblies, different 
components, and/or various types of materials to create the desired dynamic characteristics 

teach individual patient 
{0057] . Furthermore, the intervertebral discs may allow flexion, extenkion, 
lateral b ending , rotation, and translation, flexion is movement that brings two j&its of a 
jejint or body into a bent position; in the spjne, this is a movement in which the spine starts * 
• straight and moves into forward bending. Extension is a movement that draws two parts 
. avjvay from each other; in the spine, this is a movement in which the spine starts straight and 
15 njoyes into backward bending. Lateral bedding is a bending movement toward a lateral 
ripe:; in the spine, this movement generally, involves bending (lateral) and coupled rotation. 
Rotation is a movement that results in a portion of the spine twisting, rotating or taming 
with respect to the axis of the spinal column. Translation is a limited movement that is 
g^neraHyiiansverse to the axis of the spinal column. 
20 ! [0058] Additionally, similar to a natural intervertebral disc, the artificial 

tertebral discs preferably allow for a moving instantaneous axis of rotation.- At every 
t for a body in plane motion there is a line in the body or a hypothetical extension of 
i ' * * 

this line that does not move. The instantaneous axis of rotation is this line. A moving * 

. in 5tantaneous axis of rotation refers to the ability of the instantaneous axis of rotation to 
25 m 3vc (Le., translate) as a result of different loading conditions; in other words, tjre.tocation 
oi the instantaneous axis of rotation moves with respect to the disc. The preferred-mean 
lo nation of the moving instantaneous axis of rotation for the lumbar region of tile spine is 
pr rferably in the posterior half of the. disc space or proximal to an adjacent (superior or 
inferior) endplate, preferably proximal to tho inferior/caudal endplate, the preferred mean 
30 . location of the moving instantaneous axis of rotation for the thoracic region of the spine is 
preferably in the inferior portion of the disc space and proximal to the caudal vertebral body 
extending posteriorly into the spinal canal, and the preferred mean location of the moving 
instantaneous axis of rotation for the cervidal region of the spine is preferably in the 
posterior half of the caudal vertebral body. 
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i [0059] Also similar to a nato^tervertebral disc, the response chaJ^fcristics 
of the artificial intervertebral disc are preffrkb ly non-linear. For example, in response to 
cktinued akial compression, the ffl^cidgtervertebral disc preferably undergoes a large 
initial amount of compression followed by noh-linearly decreasing amounts of 

.5' compression. • 

• • " 5 [0060] Referring to the acoonipanyuig drawings, preferred embodiments and 
features of the artificial intervertebral disctitfill be described in detail. It is to be noted 
however that these descriptions of specific embodiments and features are merely 
illustrative. It is contemplated that <m^ 

10 embodiments may be combined or used singularly, and that modifications of the various 
embodiments, as well as other embedments- axe contemplated and will be apparent to those 
persons/skilled in the art. 
T ; [0661] Referring initially to Figfce 1, a perspective view of an exemplary first 
ei^odiment of an artificial disc 10 is shpvjif Disc 10, preferably, has a generally kidney- 

15 bean shaped footprint which includes an aAtjsrior side II, a posterior side 13, and first and 

second lateral sides 15, 17, respectively. Anterior side 11 and lateral sides 15, 17 are all 

substantially convex in shape while posterior side 13 is substantially concave in shape. 

However, the disc 10 may take on other shades that generally conform geometrically and 

anatomically with the adjacent vertebral bqffies including, but not limited to circular, oval, 
i • ? 

20 ellipsoid, annular, D-shaped, C-shaped, etc. i ' 

; [0062] As shown, diso 10 indoles an upper endpiate 20, a lower endplafe 22, 

arid an intermediate elastic membrane 24, tht elastic membrane 24 generally extending 

i 

from the upper-endplate 20 to the lower en&plate 24, preferably, proximate the outer 
'periphery of the disc 10. Alternatively, the/i>stic membrane 24 may surround and ■ 
25 encapsulate the upper and lower endplates 20, 22. The elastic membrane 24 in combination 
with thenpper and lower endplates 20, 22 (define an interior volume 26. 

I :[0063] The elastic membrane ^preferably is formed from an elastomer such 
asjpolyurethane, silicone, a braided polymery or any other appropriate elastic material. The 
elastic membrane 24 may be permeable or serni-permeablc to allow fluid to flow into and 
30 out of the interior of the disc (as described in more detail below). Alternatively, the 
membrane may be non-permeable. Preferably; the elastic membrane 24 may resist 
trabslational motion between the upper an flower endplates 12, 14, and may also prevent 
sort tissue ingrowth between the endplates' jt2, 14 as well as contain any wear particles 
generated within the interior volume. The elastic membrane 24 may be attached to the 



1 
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u^erand low endplates 12, 14 by any fixation method known in the art indu^g^ut not 
itedio; bbnding*agents, ultrasonic weldfeg, screws, nails, mechanical wedgiig and pins: 
! [0064] Alternatively, the elastic membrane 24 may be in the form of a bellow, . 
tiLbeilow assuming an "accordion" or othejr flexible shape, enabling it to expand iand . 
contract under the various loading conditions. The bellow may be rigidly attached to the 
upper and lower endplates 12, 14 by any nikhod known in the art including, but not limited 
td a circular groove formed hi each endplate 12, 14, bonding agents, ultrasonic welding, 
• scjrews, nails, mechanical wedging^ and pins. Preferably, the bellow is made from a metal, 
aljthou^ other material such as elastamer^pr polymers may be used. In an alternative ■ 
embodiment, membrane 16 may be made jit any appropriate non-elastic material Iqaown in 

the art ' ■ } 

[0065] With reference to Figure 2, the interior 26 of disc 10 is showni 
Pa eferably, the interior 26 of the disc 10 includes at least one spring element 30; and the 
sj ring element 30 may have a longitudinaliiris. The spring may be oriented such'that its 
to agituihal axis is oriented substantially papendicular to the plane formed by ea&i of the • 
ut per and lower endplates 20, 22. Alternatively, the spring maybe oriented such that its. 
iuasforma an acute angle with at least one;<5f the upper and lower endplates. The spring 
el anent may have a first end which contacts the lower endplate 22 within a pocket or 
gi 3ove 32.formed on the inner surface 40 ofthe lower endplate 22. Such a pocketor 
groove may prevent lateral displacement ofthe spring with respect to the endplate; An 
uj per end ofthe spring element 30 may engage an articulation member 34 having !a spring- 
er gaging surface 33 and an opposite substantially spherical surface 35 . The spring element 
3(1 may be fixed to the pocket 32 and/or the jarticulation member 34 using any appropriate 
fi> ;ation method known in the art including, Jbut not limited to bonding agents, ultrasonic • 
w Ming; screws, nails, press-fit, and pins. Alternatively, the spring element 30 and the 
ar iculatian member 34 may be integraUy^fiinned 

[0066] The spherical surface 356f articulation member 34 may be configured; to 
ar iculate within a correspondingly shaped -socket 36 formed on the inner surface 3)8 ofthe 
up per endplate 20. The interface between th|e articulation member 34 and the socket 36 
may approximate a ball and socket type connection, with the spherical articulation member 
34j able to .articulate within the socket 36. The type and amount of articulation desired may 
diitate the curvature and arc ofthe spherical,surface 35 provided on the articulation 
m< ruber 34 and socket 36, For example, ifithe spherical surface 35 has the same radius as 
the \ socket 36, then the disc 10 may provide^reater support but more constrained 
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niovemerit Alternatively, if the socket 360ias a larger radius than the sphericalsiirface *S, 
tiie disc 10 may provide increased articulation and/or translation. 

[0067] In an alternative embodiment, the socket 36 may incorporate a flattened 
portion which may permit the articulation toember 34 to translate within the socket, thereby 
5 providing translational movement of the upper endplate 20 relative to the lower endplate 22. 
Bjy providing for such translation, the disc^O may provide a moving instantaneous axis of • 
rotation. It-is possible for the articulation-member 34 and socket 36 to have contours other 
than spherical in order to achieve the desired articulation motion. Such other contours may 
comprise elliptical or egg-shaped, and multiply-spherical shaped in which theiarticulation 

10 member and the socket each may comprise at least two separate or cojoined spherical 
sigmenls. Moreover, while the articulation member 34 and socket 36 are illustrated' as 
having- contours that generally permit mating of their respective surfaces, the corresponding 
siirfeces may take on any appropriate shape to achieve the desired articulating mobility 
between the upper and lower endplates 20^,22 .. 

IS : [ [0068] While the disc 10 has bben described as having the articulating member 
' 3<jl associated .with the lower endplate 22 aM the socket 36 associated with the upper 
Opiate 20, the elements may be reversediso that the socket 36 and articulating element 35 ■ 
arje instead associated with the lower and upper endplates, respectively. Furthennbre,the 
socket" member may be provided integral vyith its respective end plate, such as providing a 

20 o^e-piece- end plate with a hollow spherical -inner surface. Also, the socket member and 
articulating element may comprise any appropriate materia] known in the art, such as 
titanium, stainless steel, polymers such as. iiltra high molecular weight polyethylencj, etc. 
Furthermore, the articulating surfaces mayjhclude a surface polish or similar wear reducing 
fiiish such as diamond finish, TiNi finish, etc. in order to minimize wear, decrease particle 

25 1 generation, and increase disc life, 

[0069] The spring element 30,-may encompass any appropriate resilient member 
: kr own; in the art including, but not limited io, spiral springs, coil springs, plate or leaf 
- spjrings, etc. Moreover, the spring element 30 may be formed from any appropriate material 
known in the art including, for example, polymers, composites, or metals such as cobalt- 

30 chromium alloys, titanium alloys, stainless steel, shape memory alloys, and amorphous ' 
al oys. • likewise, the spring element 30 may. comprise two or more individual spring 
elements provided either in series, in parallel; or in a combination of series and parallel 
.elements, 

[0070] The selection of a p articular spring element may depend on the needs of 
35 th< j particular patient, however, the spring or springs selected should mimic the properties of 
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tlje pktienT s normal Literve^.ebral disc, or should be appropriate as required for jhe 
p^rtidula^proGedure. Thus, springs having the appropriate stiffness in axial compression 
did in transverse bending should be selected to provide the following ranges: 
^'-dbn/ejctension - from about 0 Newton-meters per degree (Nm/deg) to about 8 Nm/deg); 
L bending - ftom about - Nm/deg to about 5 Nm/deg; and compression - from about 
) to about 5000 N/mm. Furthermore, tfcw outer diameter of the springs selectedmay 
\nmge from about 5 millimeters (mm) to about 30 mm; and the heights of the springs may 
riige from about 7.5 mm to about 12 mm/ It is noted that the preceding are provided as 
representative dimensions only, and the springs used may have any size, shape, strength and 
1 0 Stability appropriate for the particular pafient 

| [Q07i] The use of a spring element in combination with an articulating surface ' 
n ay provide a combination of articulation* translation and compression/shock absorption 
b rtween the upper and lower endplates 2(fc 22, and thus allowing for a moving 
ii istantaneous axis of rotation. Articulation maybe provided through the interaction of the 
15 a ticulating member 35 and the socket 36, and/or by bending of the at least one spring 
. . .e emcnt 30. Compression and shock absorption may be provided by the spring element 30, 
and translation may be provided by bendingof the spring element or through the choice of a 
socket haying a flattened portion such thatthe articulating member 36 may translate within 
the socket, 

20 [0072] Referring to Figure 2a^a disc 10 comprising a plurality of internal 

spring elements 30 is illustrated, each spring element 30 may extend from the upper 
e ldplate ?0 to the lower endplate 22 such that the longitudinal axis of each spring element 
is oriented substantially perpendicular to the plane formed by each of the end plates 20 9 22. 
A Iternatively, one or more of springs 30 may be oriented so that their longitudinal axis 
25 ft urns an acute angle relative to the plane of one or both of the end plates. 

[0073] The plurality of spring elements 30 may be arranged in a configuration 
a] ipropriate to provide uniform shock absorption, load bearing, and tension/compression 
n sistance, or the spring elements 30 may be strategically placed to allow for increased • 
resistance to shock and/or compression on one side (Le. anterior, posterior) of the disc as 
30 compared to the other. Preferably, however, the disc 10 includes at least one central spring 
ifement 30 and at least one peripheral spring element 30 spaced away from the central.' 
ag degnent 30, In the illustrated embodiment, a single central spring element is 

I by a plurality of peripheral spring elements. The central and peripheral spring 
1 3D may have substantially the same stiffness, or their stiffnesses may be ^different 
35 Pj cferably, the central spring element 30 may have a stiffness greater than the stiffness of • 
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fep^phexal spring elements 30. Such atf iin^gement may result in a disc ha|^g a 
central spring which provides primary shobk absorption and resistance during Oj^tattUL 
stkges ofan axial compression evolution, arid having peripheral spring dementsjSO which 
proyide secondary shock absorption and resistance during the later phases of axial 
cirrxpression. This provides a desirable non-linear response to compressive loa^j which 
♦ may? closely mimic the response of the patent's natural disc. ! 
*l V £0074] As shown in Figure 2a4 eat* spring element 30 has first and' second ends 
associated With respective upper and lower end plates 20, 22. The first and second ends of 



t[ spring- may have an associated spherical articulation member 34 configured .to mate 

10 itftii a cdrr^ponding spherical socket 36 formed on the inner surface of the upperland lower 

endplates 2,0, 22 as previously described. jite combination of spring and articulation 

meribers permits the upper and lower endplates 20, 22 to move with respect to bach other. 

Fbi example, articulation members 34 may^ articulate within associated sockets 36. so that 

tile-upper and lower endplates 20. 22 can Articulate with respect to each other without . 

15 cheating resistive torsion in spring elements 3tf that would be present if the endslof the 

i^gs were rigidly connected to the endppates. Alternatively, each spring elerrient 30 may 

cady[.be attached to a spherical member 3^6n one end, the other end being attached to the 

imper or lower endplate 20, 22 as previous"despribed 

I ! [0075] Referring to Figure 2bi,:theidisc 10 may include a plurality of spring . 

20 elements 30 where only one end of the first spring element 30 comprises a spherical 

attie^atfon member 34, and the opposite end of the first spring element 30 as well as both 

ends of thesecond spring elements 30 are disposed within corresponding pockety or 

tscefeses, ixi the upper and lower endplate&20, 22 (the arrangement and connection of these 

• recesses and the associated spring dements being the same as previously described in 

25 relation to fee embodiment of Figure 2). jjfcs shown in Figure 2b, preferably the fest spring . 

element 30 is attached to a hemi-spherical-member 34 for mating with a corresponding 

socket 36 located in the upper or lower endplate 20, 22. The plurality of second; spring 

elements 30 surrounding the first spring element 30 being attached directly to tire Tipper and 

lower endplates 20, 22 as previously described. In one embodiment, the first spring may be 

30 attached to one herni-spherical member 34 r and the plurality of second spring elements 30 

trjajyi be may be attached to two hemi-spherical : member 34. As with the previous: 

^bpdiments, the number, stiffness, and arrangement of the springs, as well as the selection 

"md placement of the articulating elementa-sndj sockets 36 maybe made in any combination 

ipcopriate to provide a disc that mimics as closely as possible the properties of,the normal 
1 i [ ' ■ 

vertebral disc, or that provides the properties appropriate to the particular procedure. 

14 
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v [0076] : Referring to Figure^c, thd disc 10 may include an elastomeric stjut 54 
located peripherally to a central spring element 30. The strut 54 may have a longitudinal 
axis and first and second ends, and eacK end may be associated with an upper or lower 
endplate 20, 22. The elastomeric strut 54 may be seated in a groove 32 fbrmed- in the 

• ■ i- • 

5' : associated inner surfaces 38, 40 of the upper and lower endp lates 20, 22 to resist 

•displacement The elastomeric strut 54 m&y serve essentially the same function as 

"I* ; 
peripheral spring elements 30 previously described, i.e. to provide the disc 10 with : 1 

l compression force resistance and shock absorption and to resist motion. Hie elastokneric 

i strut 54 may be formed from any appropriate material known in the art including, but not 

10 ' I limited to, polyurethane or silicone. An^ number of individual struts 54 may be provided, 
: j and the struts individual struts may assume various shapes in order to provide the 
| appropriate stifihess or resistance support for the end plates. Thus, the struts 54 may be. 
'cylindrical, square, rectangular, etc., and they may have any appropriate cross section; such 
las circular, triangular, elliptical, etc. Hie struts may also be provided with continuous or 

15 : non-continuous cross-sections, and they may be made up of different layers of materials; 
■ jsuch as having alternating elastomeric and metallic or polymer layers. The struts 54 may 
jalso be hollow, or they may be ring-shaped. The ring-shaped struts.54 may be configured 

* • • • 

to surround at least a portion of the first spring element 30. As with earlier embodiments, 

j j! 

the ends of struts 54 may be connected toj the end plates using any appropriate miethodj in- the 
20 ■ art, including press-fit, bonding agents, etc. One or more struts may also be provided to • 
move within their associated groove or grooves. The arrangement, number and • 

ion of the struts 54 is not critical, but instead may be any combination desired to 
ide a disc 10 that mimics the properties 'of the patient's normal intervertebral disc,- or. 
that provides the properties appropriate to; the particular procedure. 
25 [0077J The inner surfaces 38^40 of endplales 20 t 22 may be porous to allow the 

< lastomeric strut 50 to be integrated into the corresponding surfaces of the upper and lower 
. e ndplates 20, 22 during manufacture Buch as.by molding the elastomer to the endplate. : A 
! membrane and/or barrier may also be included within endplates 20, 22 to limit the depth of 
impregnation and bony ingrowth respectively. 
30 • [0078] The disc 1 0 of this embodiment also may include a membrane. 24 and a 

. vklye (not shown), the valve providing.access to the interior 26 of disc 1 0 so that fluid may 

: injected into, or removed from, the interior 26 of the disc 1 0. The valve preferably is a 
3-way valve, as known to those skilled iii.the art, so that the fluid, once injected, can not 
escape fiom the interior 26 of the disc 10. : Preferably, the valve is disposed through thei 
35 ; elpstic membran0 24, alternatively however; ,-the valve may be disposed through. the upper 
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and/or lower endplates 20, 22. \?hen th| valve is disposed on the upper and/or^wer : 
endplates 20, 22, a passageway preferably is included to interconnect the valve, with the , 
interior 26 of the disc 10. 

[0079] The fluid may be a g|s, a liquid, a gel, or any combination thereof, that 
5 is siffirieut td provide shock absorption during axial compression of the disc My while also 
permitting limited articulation or movement of the upper endplate 20 and lower endplate 22 
iwith respect to one another. Preferably, ihe fluid is incompressible, for example* saline or . 
miner al water; In use, the fluid may be;iijected into the interior 26 of the disc It) before 5 
insertion of the disc 10 between adjacertevertebrae . Alternatively, the fluid may be 

1 0 injected in situ to facilitate insertion of disc 10 and subsequent distraction between adjacent 
vertebrae. The rigidity and distraction capability of the disc 10 may be a function of the 
toount of fluid injected into die interior 26 ofthe disc 10. Generally, the more fjuid 
provided in the interior 26 of the disc 10|the more rigid the disc 1 0, and the greater the 
disfcractipn capability. Furthermore, pliajSiility and increased articulation may be realized by 

15 ftufag only a portion of the interior 26 6f me disc 10. Finally, variably filling the interior 26 
of the disc 10 with fluid permits the overall height H of the disc 10 to be varied as necessary 
depending on the needs of the individual patient 

■ [0080]: Depending on the ideation of the spine where the disc 10 is implanted, . 

the disc 10 preferably restore height in fbb range between about 4 millimeters to about 26 . 

20 : millimeters. In addition, the disc 10 preferably restore lordosis in the range between about 

b° .to about 20°. • The disc 10 preferably also restore stiffness from about 1 NmAfcg to about 

- 1 1 Nm/deg in axial rotation, about 0 Nm/deg to about 7 Nm/deg in flexion/extension, and 

' about 0 Nm/deg to about 5 Nm/deg tu lateral bending. In addition, the disc 10 preferably 

oilers compression stiffness from tabouti ]|00 N/rom to about 5000 N/mm and tension- 

25 - stifihess from about 50 N/mm to about 1000 N/mm. Furthermore, depending on "the : 

location of the spine where the disc 10 is pmplanted, the intervertebral disc 10 preferably 

- I 
allows for a range of motion of about 5* p about 45° in flexion/extension, of about 3° to 

about 33° in lateral bending, and about I 6 , to about 60° in axial rotation. The intervertebral • 

. disc 10 preferably also allows for axial compression in the range from about 2 mm to about 

30 2 mm. : 

i i 

» [0081 ] Preferably, the upper and lower endplates 20, 22 are formed of metal, 
such as titanium, stainless steel, titanium alloys, cobalt-chromium alloys, shape memory 
alloys, or amorphous alloys. Alternatively, however, the upper and lower endplates 20, 22 
may be formed of polymers including rigid polymers, PEEK or UHMWPE, ceramics, 
35 composites, bone including cortical, cancellous, allograft, autograft, xenograft, 
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ide^eralized or partially dcmineralize4^pnc, or any other material appropria&t? serve as 
: bearing supports. More preferably,^ materials chosen for the endplate^ chosen ' 

jSQ^as to JKniTYtmtz e wear, ;.; 

: ; ' [0082] Furthermore, preferably, any articulating surfaces in to 

jdiscs of the present invention include a surface polish or similar wear reducingfcrish such 

lasfdiamtad finish, TiNi finish, etc. in or<*ter to minimize wear, decrease particle generation. 



[0083} The outer surface of &e. upper and lower endplates 20, 22 may bp 
substantially fiat, wedge-shaped, etc. TBS outer surfaces of the upper and lowo- endplates 
10 V*te:ttinjiy bc dome s**?** ^ radii defincd to ^ sagittal and coronal planes- to 

* generally match, the shape of the ends ofjjke adjacent vertebral, thereby providing a better * 
.. fitiw situ. 

. [00843 In addition, as shownVin Figure 1, the disc 10 may include imsration 

• rcsWantftatures, such as, for example, spike-like structures 18 on the outer surfaces' of the 
15 . - upper and lower endplates 20, 22. The migration resistant features may facilitate 

engagement of the disc 10 with the ends^f the adjacent vertebra by providing.a mechanical 
intjerlock as a result of penetration and/<#fleformation of the ends of die adjacent vertebrae. 
jht hktialrmediaiiical stability afforded by spikes 18, for example, minhnizes tforisk of 
^^cpefative instability, movement, dislodging or expulsion ofthe disc 10. Otiier 

20 . migration resistant features may include,; without limitation, flaps, teeth, deployable teeth, 
deployable spikes, flexible spikes, flexible teeth, fins, insertable or expandable fins, • 
anchors, screws, ridges, serrations, or other similar texturing on the upper and lower 
endplates 20, "22. As shown in Figure 3a£deployable spikes 41 may be provided!, and a cam 
• inekhanism 43 may be used to deploy the[spikes. Alternatively, as shown in Figure 3b, the 

25 deployable spikes may be configured tobcf deployed by an instrument (not shojyn). As 

shown in Figures 3o through 3e, respectively; examples of flexible spikes 44, shapedteeth ' 
45,- and anchors 46 are shown. Alternatively or in addition, bonding agents may also be 
usai to secure the disc 10 to adjacent vertebra. 

[Ci085] Furthermore, the upland lower endplates 20, 22 may also be'eoated 

30 with a bone growth inducing substance, such as hydroxyapatite, to promote bony ingrowth 

tb jtennanently secure the disc 10 to the a^acent vertebrae. Alternatively, the upper and 
j ■ * • ... *. 

lower endplates 20, 22 may have a rough&ied or porous surface to facilitate bony ingrowth. 

Alternatively, the upper and lower endplaies t 20, 22 may have laser treated endplate layers 

to create a porous structure, or may integrate an ostc^conductive/osteohiductivescarrold. 

35 Tjhe endplates -20, 22 may also be made from an osteoinductive and/or osteoinductive* 
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! imkeri4 toittomote bony ingrowth. Ih^endplates 20, 22 may further include ^embrane 

; i jax^or barrierto liiiut the depth of bony |ngrowth permitted. 

" [ \ . [0086] The upper and Weximdplates 20, 22 may also have i mpla ht ' 

^instrumentation attachment, guiding, ancE retaining structures. For example, the;endplates : - 
5- : i20, 22 may have holes, slots, threads, or;* ctovetail 

' iand/or distract the vertebrae. For example, the disc may include a slot formed i$ the uppfer 
£ml/ar lower endplates 20, 22, the slot configured to receive an implant insertion . * 
: jnstnonent, a distractor or both. 

I [0087] »As a result of the material and structural components used, ffie : disc 10 , 
10 • ;can allow flexion/extension, lateral bending, axial rotation, and translation, depending on 
jflie leading imparted on the intervertebr^ disc. In addition, under various spinal loading 
conditions resulting from spinal movements, the spring element 30 can compress, tilt, 
; , articulate and/or bend varying amounts, ; . 

• s': ; [0088] With reference to Figures 4 and 4a, a second exemplary embplfimektof • 
15 an: intervertebral disc 100 is shown. Similar to the previous embodiments described, the 
\ external configuration of disc 100 may take on any shape that generally conforms 
geometrically and anatomically with thajadjacent vertebra! bodies including, but not limited 
to circular, oval, ellipsoid, annular, kidney-bean, D-shaped, C- shaped, etc. As shown, disc . 
100 includes an upper endplate 102, a loiter endplate 104, and an intermediate elastic 
20 membrane 10fc, the elastic membrane lOjS in combination with the upper and lower - 

indplates 102, 104 defining an interior vdhime 108. The endplates 102, 104 and elastic * 
r jnembrane 106 are similar to those endplates and elastic membrane described previously in 
. .Relation to other embodiments. The disclOO may also include a valve (not shown), the • 
Valve providing access to the interior lO^of the disc 100 for permitting the insekibn of, or 
25 " Removal 'of, a fluid as previously described in relations to other embodiments. Disc 100 
. i may also include migration resistant features, permanent fixation means and/or implant ■ . 
rnstrumeirtation attachment, guiding, and I retaining structures as previously described in 
illation to Figures 3a - 3e and previous embodiments. 

' ; [0089] Disc 100 further raayjinclude a leaf spring 110 having a firit end 112 
30 : and second end 114. The first end 112 m>y be attached to the upper endplate 102, while the 
t econd end 114 of leaf spring 110 may comprise a roller 130 capable of rolling on the inner 
•surface of the upper end plate 102* The leaf spring may have a central portion lip disposed 
\ etween the first and second end 112, 114; and this central portion 116 may comprise a 
c oncavo-convex shape. The convex surface may generally face the lower endplatte 24 and 
35 ;t le concave surface generally facing the upper endplate 24. Lower end plate 104 may 
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25 



jcpmgrfse a surface configured to.iaccep^ intermediate section 1 16 which itself ia'-qonfigiired 
!to mate, articulate, slide and pivot .with idhe inner surface like a ball in a socket] While the 

i * : 

[leaf sjfcing 110 is described herein as attkphed to the upper endplate, it may alternatively be 

attached to the lower endplate 104 so thatife concavo-convex intermediate section 116 

interacts with the inner surface of the upper end plate 102. It is noted that although the 

articulating surfece of leaf spring ;i 10 isBtostrated as being disposed near the center of the 

leaf spring, .the articulating surface may be located at any point along the length and/or 

widfh'of the leaf spring, as appropriate to provide the desired articulation. 

[0090] The second unattached end 114 of leaf spring 110 may be provided with 

10 : ja Toller 130 on an axle 132, the roller uij-being freely rotatable about the axle 132. , the . 

[second end 114 of leaf spring 110 may slide or roll along the inner surface of the upper * 

lendplate 102 during axial loading or compression and during axial unloading or tension,. 

The leaf spring of this embodiment is thus allowed to translate as it is flexed, providing a 

greater range of flexibility wmpned to leaf springs constrained at both ends. In an 

alternative embodiment, the leaf spring i 10 may have a rounded end instead of a roller 130 

for sliding directly along the inner surface of the upper endplate 102. 

- 10091] The lower endplate li04 may comprise a pocket 106 for receiving a pad 

120. The pad 120 may have a lower surfece for engaging the lower endplate 104, and an* 

upper Surface comprising a concave section 122 configured and dimensioned to mate with 

the enlarged intermediate convex Section 116 of leaf spring 110. The type and amount of 

articulation provided by the spring and pad may be adjusted by controlling the curvature 

provided on the intermediate section 1 16 and concave section 1 22. Where the intermediate 

*" * • ■ * * 

section 116 has the same radius as the concave section 122, the disc 100 may provide 

greater, support but more constrained movement Alternatively, where the concave section 

122 hias.a larger radius of curvatirfe than ! the intermediate section 116, the disc inay provide ' 

increased articulation. ! • • 

'.[0092] The intermediate member 116 and concave section 122 may also take on- 

>ther,contours to achieve the desired articulation. The concave section 122 of tbie pad 12ft 

: nay be convex to mate with a concave intermediate section 116. Moreover, wtele the 

30 ' concaive section 122 and intermediate member 116 are shown with contours that generally 

ermitmating of their surfaces, non-mating contours may be provided to achieve the 



! t . [0093] Furthermore, title compression and sliding of leaf spring 110 may vary 
ftepen;ding on the area, or areas of loading: ;For example, loading one end of disc 100 may 
35 JfesiAt;in.greater compression of disc 100 when compared with an opposing end of disc 100. 



.19 



WO 2004/016217 



PCT/US2003/025536 



■Additionally, the pad 120 and the pocket : 106 may be configured to allow the pfci to 
jtraitelate within thejpocket 106- The vajyrag movements, i.e. compression, of leaf sprung 
illO-aiid translation iof leaf spring 110 with respect to the pocket J 06 may allow; a moviug 
jinstantaneous axis of rotation. 
: 5; : £0094] Leaf spring 110 maybe formed from any appropriate material known in 
;the : art including, for example, polymers-ceramics, composites and metals, such as cobalt- 
'chrominm alloys, titanium alloys, stainless steel, shape memory alloys, and amorphous, 
alloys; The pad 120 may likewise be formed of similar materials. 

• 10095] Depending on the location of the spine where the disc 100 is implanted, 
iO jthe disc 100 preferably restores height, natural spinal curve (or sagittal balance), stifihess, 

' loffers compression stiffness, and allows a range of motion similar to that described in ! 

[ i 

gelation to previous : embodiments. 

j [0096] With reference to Figure 5, a third exemplary embodiment pfan 

■ .jintervertebral disc 150 is shown. Similar; to the previous embodiments described, disc }50 
15 ; imay. take on any shape that generally conforms geometrically and anatomically with the 
ladjacent vertebral bodies including, but not limited to circular, oval, ellipsoid, annular, 
ikidney-bean, D-shaped, C-shaped, etc. As shown, disc 150 includes an upper endplate 152, 
\ ja lower, endplate 154, and an intermediate elastic membrane 156, the elastic membrane .156 

• an combination with the upper and lowensbdplates 152, 154 defining an interior-volume 
20 jl58. The endplates 152, 154 and elastic membrane 156 are similar to those previously ' 

^escribed in relation to other embodiments.: The disc 150 may also include a valve (not 
•shown); the valve providing access to the interior 158 of the disc 150 for permitting the 
assertion of, ar removal of, a fluid as previously described in relations to other 
[embodiments. Disc 150 may also include migration resistant features, permanent fixation 
25 '. jmeans and/or implant instrumentation attachment, guiding, and retaining structures as 
' previously described in relation to Figures 3a-3e and the previous embodiments.* 
{ [0097] Disc 150 may further include a medial articulating member 160 attached 
to one of the upper or lower endplates 152,- 154, preferably the lower endplate 152, The 
articulating member 160 may have a convex lower surface 162 that is configured and . 
. 30 dimensioned to articulate with respect to concave surface 164 formed on the inner surface 
pf one of the lower endplate 154. The curvature of the corresponding articulating surfaces 
1162, 164 may be manipulated as necessary to provide the desired amount of articulation and 
translation between the endplates 152, 154,; as has already been described in relation to 
>ther embodiments. 
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{1.0098] Alternatively, the articulating member 162 may comprise acbncave. 
Jower surface configured and dimensioned to mate and articulate with rcspectto a convex 
ta^&med on the inner surface of thp. opposing endplates 152, 154. Furthermore, the 
^nQav^surfece 164 may be integrally filmed on the inner surface of one of the endplates 
Sl52 5 154 or it may be separately formed ^nd mounted thereon. Mounting the cpncave 
Lirfi«el64 onto the inner surface of onesof the endplates 152, 154 permits the concave, 
pifffece 464 to be made from a material different from that of the associated endplate, for 
• example, polyethylene or other polymeries- a shock absorbing material may be provided, as 

dssacibfitfih more detail later. 

1 [6699] The articulating meniber 160 may be attached to one of the endplates 
H52'; 15^ by any fixation method known in the art including, but not limited to bonding : 
lagents, 6terasonic welding, screws, nails, mechanical wedging, and pins. Preferably,- . 
•however, the articulating member 160 may be attached to one of the endplate 150, 152 via 
janinter^^ The shock absorbing layer 170 may.be an. . 

15 1el£tetonieic, molded or bound polymer fibers, polyurethane, silicone, or any other suitable 
lelastic xnaterial having the appropriate sr&ck absorbing properties. Articulatdng metnber 
ll60 may be ftbricated from a metals, polymers, composites, ceramics, or any combination 

1 ' . £00100] The disc 150 may also include an additional elastic membrane 172 
20 jconfigored to confine and/or secure the akticuiating member 160 to one of the endplates 
152,154, and/or to encapsulate the shock absoAing layer 170. The additional elastic 
membrane may be a bellow which may provide shock absorption, compression resistance; 
and iaddfed stability for the articulating irlernber 160 in shear. 

! • [OblOl] Depending on the location of the spine where the disc 150. is implanted, 
25 ithe diselSO preferably restores heigjht, natural spinal curve (or sagittal balance), stiffness 
offe»;c^ompression stiffness, and allows a range of motion similar to that described in 
relation ito previous embodiments. 

/ [001 02] As a result of the rna&rials, geometry, and components used,; disc l?tf 
can allow flexion/extension, lateral be nding , axial rotation, and translation, depending on 
the loading conditions imparted on the intervertebral disc. In addition, under various spinal 
loading conditions, the shock-absorbing Jayer disposed between the articulating member 
16Q,and:one of the endplates 152, 154 can : compress and/or bend varying amounts, 

g on the location of the compressed and/or bent area with respect to the area or 
of loading. Furthermore, disc 150 permits different regions of the disc 150 to 
35. bornpress varying amounts. 
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' . {00103] With reference to Figure 6, a fourth exemplary embodiment of an 
intervertebral disc 200 is shown. Disc ijw has a generally circular shape wim ^ upper . 
endplate 202, a lower endplate 204. and a slotted core 206 having an upper curved surface 
and a low flat surface. The disc 200 may take on any other shape that appiopriately 

5 -^conforms geometrically and anatomical with adjacent vertebral bodies, mcluding, but not 
limited toi kidney-bean shape, ovial, anmilar, ellipsoid, C-shape, D-shape etc Other features 
described previously with respect to the 'other embodiments, such as the migration resistant 
structures; permanent fixation features and/or implant instrument attachment, guiding, and 
retaining structures may be included on endplates 202, 204. Furthermore, the outer surfaces 

10 of the upper and lower endplates ;202,204may be substantially flat, wedge-shaped, etc 
The outer surfeces of the upper and lower endplates 202, 204 also may be dome shaped 
witb their radii defined in the sagittal and coronal planes to generally match the shape of the 
ends of the adjacent vertebrae, thereby providing a better fit in situ. Preferably, me upper . 
and lower endplates 202, 204 may be made from metal. However, the upper and lower 

15 ^endplate 202, 204 may alternatively be inade from any of the endplate materials previously 
;-deacribed:in relation to earlier embodiments. 

[00104] As shown, the lower^eridplate 204 preferably includes a pocket 208 
located on its inner surfece, the pocket 2|>8 designed to receive the lower flat surface of 
slotted core 206. Alternatively, the slotted core 206 and lower endplate 204 may be fonned 

20 ~jas an integral piece. Where the core is ferincd as a separate piece, it may comprise a 

^different material fiom the end plate 204, tiros, a metal end plate may be provided having, 
-for example, a polymer mating feature core 206. 

[00105] Where the core20d : ini3 endplate 204 are formed separatdy ? :thedisc 
i200 may also include a c-ring (not showft) or similar structure, such as a lip or ring located 

25 iwitirin or adjacent to pocket 208, to retain Ihe core 206 within the endplate pocjeet 208. 
•Such a ring may be configured to prevent the core from translating with respect to the 
endplate 204, or it may allow translation of the core in one or more directions, ■ 
iAlternatively, the core 206 may be retahied in pocket 208 by means such as welding, pres*- 

fitting, staking, or bonding a cap (not shown) to the lower endplate 204, the cap covering a 

•f. : 

30 portion ofihe core 206. . .. . ' 

[00106] Although pocket 20&is shown as having a circular shape, tke pocket 
may take on any other appropriate shaperincluding, but not limited to oval, elliptical, 
kidney-bean shaped, rectangular, ,etc. Where the core and endplate are formed as separate 
pieces, pocket 208 may be wider or longer than slotted core 206, thus allowing ithe core 206 

35 |o translate within the pocket 208 : during;operation. Alternatively, the pocket 208 may 
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^ variousidimensional configurati^ necessary to allow translation of ^core 206 
wSirintho pocket only along specific dhjedtions. Thus^cpocketnmybept^aea witna 
saine gederal. width as 1he core in all directions but one, the pocket being wi(fer-than the 
.core in that onedirectionCe.ff. the anterioposterior direction). Thus, a pock^jthat is wider 
5 .than the core along the anterior-posterio^ axis may allow the core to translate Bi the 
an^or^sterior direction during use. Corresponding modifications to the pocket 
geometry may be made to allow transient* other directions, such as roedia^lateral 

• ;translatioa ' « j/ .\' r \ . 

« [001Q7]; The toner surface ofj&e upper endplate 202 may have a concave; mating 
10 feature 210 configured to accept the uppba; curved surface 212 of die slotted cqne 206. 

! Preferably, the mating feature 210 allow!* the upper end plate 202 to articulate respect 
to -the slotted cote 206. This mating feature 210 may be integral to the upper end plate 202;, 
or itmaybefonnedasaseparatepie^bttoflieendplate. Where the mating feature is 
: formed as a separate piece, it may comprise a different material from the endplat? 202. 
15 Thus, ametal end plate may be provided having, for example, a polymer mating feature 

21& ! A • i ■ l . 

I00108]i As previously descried in relation to other embodiments; -the 
. . ! articulating suriaces may be reversed, trA* is, mating feature 210 may be provided in 

convex form, and the slotted core may b 5 provided with a concave surface, Surthennorc, • 

20 the type and amount of articulation and/pr translation provided by the disc of jfljis 

embodiment may likewise be adjusted by. adjusting the curvature of the convex: pd concave 
i surfaces as previously described in relation to other embodiments. By allowing articulating 
and translational movement between th^endplates, a moving instantaneous ayip of rotation 
: is allowed that Approximates the inotionjof a natural intervertebral disc. 

25 [001091 The slotted core 20fi|njay be resihent, allowing it to compr^ under 

axial loading,, thereby providing shock absorption. Thus the core 206 may hayejat least one 
slot 216 cut into its periphery. Slots 2t6j may be straight or curved and may extend 
horizontally, vertically, or obliquely. Slots 216 may also vary in length and widtft and may- 
be provided at various depths through thfeicore. The slots 216 may increase the 

30 compressibility of slotted core 206 and thus, give additional shock absorbing qualities to the' 
idisc 200. The arrangement and configuration of the slots provided in the core 206 may be 
of any combination appropriate to provide, the desired degree of compressibility. 

[001 1 0] Although shown as having a round footprint, the slotted core 206 may 
jbe.'any other shape including oval, rectangular, elliptical, and kidney-bean. Preferably the . 

35" shape of the slotted core 206 matches with the shape of the pocket 208 formed on the inner 
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Urfece of &e lower endplate 204. Slotted core 206 may be formed from mat*x|al* 
Sending, for example, ceramics, competes, polymers, or metals such as cobat-cl 
Uloys, stainless steel, and titanium alloys; Alternatively, slotted core 206 may Jp made up: 
[of two components (not shown) of differing materials. Also, as previously stated, the 
slotted core 206 may be made integral wfth the lower endplate 204. 

[001 11] Disc 200 may also include stiffiiess restoration features such; as an 
elastic meriibrane, an elastomer ring, bellow, springs, or fluid as previously dlscussed-in 
relations to other embodiments. !Disc 2$P:may also incorporate additional shock absorbing 
features as previously discussed in relations to other embodiments. 

[00112] The disc 200 endplattesmay have migration-resistant structures provided 
jon the outet surface of at least one or lx>th of the endplates to impede mo vemei|t, 
[dislodging, or expulsion of the endplate* within and from the ends of the adjacent vertebrae. 
fThe migration-resistant structures includes but are not limited to, flaps* spikes,' teeth, fins, . 
ideployable, spikes, deployable teeth, flesdble spikes, flexible teeth, alternatively shaped 
15 • . jteeth, insertable or expandable fins, screws, hooks, serrations, ribs, and texturedsurfeces. 

[O01 13] Furthenuorej the upper and lower endplates of disc 200 also may be 
coated with a bone growth inducing or conducting substance to promote bony ingrowth to 
. permanently secure the disc to the adjacent vertebrae. Alternatively, the upper and lower 
endplates may have a rou^bened surface; a porous surface; laser treated endplate layers; 
2a {integrate an osteoc»ndu<^ve/ostjwinductiye scaffold; or may be provided with 0r made 
Ifiom an integral osteoinductive and/or osteoinductive material to promote bony, ingrowth. 

[001 14] Depending on the location of the spine where the disc 200 is implanted, 
the disc 200 may restore height, lordosis stiffiiess, offer compression stiflhess^and allow a 
range of motion intended to mimic that of the natural intervertebral disc, or as required for 
25 [the particular procedure. 

[001 XS] In addition, preferably as discussed with previous embodiments, the . 
articulating surfaces of disc 200 dnblude.& ; surface polish or similar wear reducuig finish 
such as diamond finish, TiNi finish, etc. in order to minimize wear, decrease particle 
- generation, 1 and increase disc life. \ 

' ..[001 16] As a result of the materials, geometry, and components used; disc 200 
can allow flexion/extension, lateral bending, axial rotation, and translation, depending on 
the loading conditions imparted on the intervertebral disc. In addition, under various spinal 
loading-conditions, the slotted core 206 pan variably compress and allow for different 
regions of the slotted core 206 to compress in different amounts, depending on the location 
and type of spinal loading, thus dlowing t difierent regions of the endplates 202* 204 to be 
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IcompiesBed different amounts. This varijible compression of slotted core 206 ^ allows 
jfibra nicjving instantaneous axis of rotation. 

\ ! [00117] WithrefereacetoFi^ire:7, a fifth exemplary embodiment of an 
lintervertebral disc 250 is shown. Disc 2$0 has a generally circular shape with an upper 

5 leridplate 252, a lower endplate 254, a ca^ 256 and a ring spring 258. Bisc 250, however, 
Lay take on other shapes that prefexablyconform geometrically and anatomically with ■ 
jadjacent vertebral bodies, including, but not limited to, kidney-bean shape, ova?, annular; 
idfipsoid, C-shape, D-shape etc, 

[00118] As shown, the lowereadplate 254 preferably includes a podcet 260 

10 llocatolbn its inner surface, the pocketi^ is designed to receive a ring sprii^ 

jtapered outer surface, and a cylindrical hjner surface. Preferably, the pocket 260 has a 
jtap*ed inner surface for mating with the tapered outer surface of the ring spring 258; 
[Although pocket 260 is shown as having a circular or conical shape, the pocket 2£Q may 
[take on any other shape including, but not limited to ovat, elliptical, kidney-bean, or 

15 .jrectangular* 

I . ' [00119] Pocket 260 may be larger in dimension than the ring sprmg;258 to. allow 
[the ring spring.258 to translate within ttg pocket 260. As with the pocket of the previous 
jemboaiment, pocket 260 may be specifically dimensioned to allow linkited translation of the 
ring img 258 in one direction. By allowing translational movement, a moving 
20 instantaneous axis of rotation is created:.:This moving instantaneous axis of rotation more 
naturaily replicates the motion of a natural intervertebral disc. 

j [00120] The disc 250 may al?p include a c-ring (not shown) or similartype 

! structure,, such as a lip or a ring located within or adjacent to the pocket 260, to retain the 
iring spring 258 in the pocket 260. Alternatively, the ring spring 258 may be retained in 
25 pocket 260 by any means known* in the ait including, but not limited to, welding, press- 
fitting, staking, or bonding. As previously stated, the ring spring 258 is maintained in the 
pocket 260 in a manner permitting the ripg spring 258 to translate within pocket 260. In 
one embodiment, the ring spring and caj>may be retained in the pocket 260 by a lid that 
iengages'the lower endplate 254 and that covers at least a portion of the ring spring 258 
30 and/or. the cap 256. 

' [00121] The ring spring 258 is preferably a spring-like element that impresses 
under axial loading to provide shock absorption, flex and compression resistance.'. Although 
shown as having a general "C" shape with a circular footprint, the ring spring 258 may be 
any other shape including oval, rectangular, elliptical, and kidney-bean. Preferably the • 
35 shape of the ring spring 2S8 matches Wiethe shape pf the pocket 260 formed on the inner 
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•surface 6f the lower endplate 254. The ring spring 258 may be formed of any Striate 
m^knovm L the art including, for example ceramics, composites, polyrrjers or metals, 
such as cobalt-chromium alloys, stainless steel and titanium alloys. j 

[00122} As shown, the ring^spring 258 has a top surfece 264, abojtam surfece 

5 266, anouter surface t 268 and an inner surfece 270 defining a central bore 272 'for mating 
with a shank 276 formed on the cap 256.: ;Prefcrably, the outer surface 268 of jhe ling 
'spring .258 is tapered to mate and engage with the inner surface of the pocket 26Q; 
addition, the ring spring 258 may include at least one slot 262 formed and/or cjut into its 
'periphery. The slot 262 may be straight; or curved and may extend horizonta%, MerticaUy, 

10 or obSqnely. The slot 262 may also vary in s length and width. Preferably, as sjhownj the 
ring, spring 258. includes one vertical slot 262 extending from the top surface 2j64 the bottom 
1 surface 266 of the ring spring 258, and extending from the outer surface 268 tp the inner 
.surfece 270 of the ring spring 258. The inclusion of this slot 262 increases th^ 
■ compres^ibflity of the ring spring 258 and thus provides additional shock absorbing 

15 ^al£totothedisc250. j . 

: £00123] ' In an alternative embodiment, the ring spring 258 may inewpprate a 
plurality of slots 262 (not shown) runninjg from the top and/or bottom surface^ 264, 266 
part way through the thickness of the ring spring 258 to provide desired compressive 
characteristics of the disc. j 

20 [00124]. Tihedisc250mayal^ipciudeacap256havm 

section 274 and a shank 276. The junctcre jbetween the enlarged body sectioa|274 and the 
shank 276 may fonn a shoulder 278, the *hank 276 e configured and dhnensicjned to be 
: recdved within the central bore 272 of £he ring spring 258, and the shoulder configured to 
I engage the top surface 264 of the ring spang so that the cap 256 may sit on top of the ring 

25 j spring 258 when the two pieces are assembled. In one embodiment, the central bore 272 is 
* larger than the gfrgnlr 276 thus permitting compression of the ring spring 258 Tfift closure of 
I the gap created by die at least one slot £62 when a compressive force is placemen the disc 
" 250. Also, providing a central bore 272£which is larger than the shank 276 miy permit the 
cap 256 to translate with respect to the nsigjspring 258. .j ■ 

30 : [00125] As previously described, the shoulder 278 of cap 256 contacts the top 

: surface 264 of the ring spring 258: Thus, axial loads applied to the cap 256 mjiy be 
transmitted directly to the ring spring 258, pressing it down into the pocket 26jJ. As the ring 
j spring 258 is pressed into the pocket 260, the tapered outside surface 268 of the ring spring 
|710 engages the tapered surface of the pocket 260, in the process compressing the at least 

35 lone slots 262. Tnis elastic compression of ring spring 258 under axial loading provides the 
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desiredshock absorption and conroressi^restetance. The size of and number-of slots 
provided in the ring spring maybe selec^d as appropriate to provide the deshecf 
compressive characteristics of the disc. y. 

J00126] The axial displacement of the ring spring 258 may be limited by 
5 ><~~qcin g fh« depth of the pocket 260. by, decreasing the width of the slot 262, fry 

.increasing the thickness and/or length of the shank 276, or by a combination of jmy or aU of 
these options. Alternatively, a coil sprmgor elastic layer (both not shown) may be supplied 
in the pocket 260 to provide an upward bias to the ring spring 258. 

[00127] The disc 250, as previously stated, also includes an upper expiate 252. 
10 Preiferably, the inner surface of the upper .endplate 252 includes a mating surface! 280 which 
is dimensioned and configured to mate with tfaelop surface of the enlarged body section 
274 of the cap 256. Preferably, the mating surface 280 on the upper endplate 252 has a , 
concave surface configured to articulate[wim a convex surface formed on the to|p surface of 
the cap 256. Alternatively, the mating sfnfece 280 may comprise a convex surface and the 
15 . top surface ofthecsm 256 may be concave. As previously described in rdationtb other /' 
embodimeute,.the degree of curvature may be adjusted for either or both surfaces inorderto 
provide the desired articulation and/or translation between the upper endplate and the cap 
.•256-. • 

[001-28] In an alternative embodiment, the mating surface 280 is provided asa . 
20 " sepamte piece from the upper endplate .^2. The mating surface 280 in such a case may : 
comprise a material different from that the endplate 252 (for example, the erijiplate may 
jbetit^um while ttema^ The articulating surfaces of 

: disc 250 may also include a surface polish or similar wear reducing finish suchas -diamond 
1 finish, TiNi finish, etc. in order to minimize wear, decrease particle generation,rand increase 

25' ;disclife. };.;,". 

! [00129] In an alternative embodiment, the separate cap 256 may be eliminated; i 
. and the ring spring 256 may incorporated" convex upper surface 264 configured to articulate 
within the. mating surface 280 of the upper endplate 252. 

[00130] The disc 250 of tliis embodiment may comprise the additional features 
described previously with respect to the<^ther embodiments, such as migration resistant • 
! structures, permanent fixation features such as porous surfaces or coated surfaces, and/or 
' implant instrument attachment, guidingy ^and retaining structures may be included on 
; endplates 252, 254. Furthermore, the outer surfaces of the upper and lower endplates 252, 
254 may be substantially flat, wedge-shaped, etc. The outer surfaces of the upper and loWer . 
endplates 252; 254 may also be dome shaped with their radii defined in the,;sagj|tfial and * 
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oo^onalplanes to generally match the of the ends of the adjacent vertebi^ thereby 
pnjvid&g a better fit in siiu. The outeri^rfaces may further comprise *t ^east uac groove, 
ski or other features appropriate to allc^Vthe disc to be engaged by an insertion instrument 
Preferably, the upper and lower endplates 252, 254 are made from metal. However, the ; 
vpfajxnd lower endplate 252, 254 may-^tematively be made from other materials as | 
previously described. 



[00131] Disc 250 may also include stiffness restoration features such as an 



elakc membrane, an elastomer ring, be]^w, springs, or fluid as previously dfeciissed in; 
relUons to other embodiments. Disc 250 may also incorporate any of the shock absorbing 
10. fe^iures previously discussed in relation&to other embodiments. 

! [00132] Depending on the location of the spine where the o^sc 250 is i^lantei 
1te disc. 250 preferably restores height, lordosis, stif&ess, offers compression stiffaess, md 
; allows a range of motion similar to that described in relation to previous embodiments. [ 
:. [00133] As a result of the materials, geometry, and components used, disc 250 
15 can allow flexion/extension, lateral ben<fcg, axial rotation, and translation, depending on 
the loading conditions. In addition undesrvarious spinal loading conditions thering spripg 
25jg can compress varying amounts, ifes varying compression of ring spring 258 allocs 
.fbtatrK>vingmBtantaneous axis of rotation. In addition, the ring spring 258 -peanuts 
different regions of the disc 250 to comgress varying amounts. 
20 V [00134] With reference to Figure 8, a sixth exemplary embodiment of an 

• rnlervertebral disc 300 is shown. Disc 5*0 has a generally circular shape with an -upper 
expiate 302, a lower endplate 3p4, and a .winged leaf spring 306 having lateral ends 310. 
The disc 300, however, may take on other shapes that preferably conform geometrically and 

■ anatomically with adjacent vertebral boijjies, including, but not limited to, kidney-bean : 

25 shape, ; oval, annular, ellipsoid, C-shape, i>shape etc. Other features described previously 
I with respect to the other embodiments, such as migration resistant structures, permanent : 
. fixation features and/or implant instrument attachment, guiding, and retaining structures ' 

• may also be included on the outer surfaces of endplates 302, 304. Furthermore, the outer 

; surfaces of the endplates 302, 304 may be substantially flat, wedge-shaped, etc. The outer 
•3Q surfaces, of the upper and lower endplates 302, 304 may also be dome shaped with their . 

• raiii defined in the sagittal and coronal planes to generally match the shape of the ends of • 
the adjacent vertebral, thereby providing a better fit in situ. Preferably, .the. upper and tower 
I endplates 302, 304 are made from raetaL-i However, the upper and lower endplate 302, 304 

| may alternatively be made from other materials as already described. 
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[00135] As shown, the lowerfhdplate 304 preferably includes a cut^tf 308 • ' : 
\ue.; ipbc!:: t) on its inner surface, m e 308 configured to recdvert 

;por^on.ofwin ge dleafspring306. The fewer endplate 304 may support the winged leaf 
:spring306 along at least aportion of its lateral ends 310, and the center portion 314 of *e 

5 leaf spang 306 sits within the cut-out 3<& there being a gap between the bottom surfece of 
the leaf spring 306 and the bottom surface of the cut-out 308. Thus, when me. leaf spring fc 
•subjected to an axial compressive load, me 
" ! pc ^0n&14 of the leaf spring 

' surface of me center portion contacts m^ 

10 initial gap between the leaf spring and ihoqutout may be selected, along with the stifmess: 
I of the lateral ends 310, to achieve a desiied compressive stiffness, as well as ainaximum 
axial c^tamression, of the disc 300. The lateral ends may have stresses that are. 
.substfflmaUyeq^ Likewise, t^e 

•bottom<ofroecut-o^ j 

15 ; deflection of the center portion of the leaf spring ™ a desired direction. The stresses jand 
1 gapsmay be selected as appropriate to mimic the properties of the patient's normal' 

• intervertebral disc, or as appropriate fbr-the particular procedure. 

[00136] Further, the depth of the cut-out 308 may be preferably detefp enough to 
' allow ttie winged leaf spring 306 to fie*, bdwever, it is more preferable that the depth of the 
20 ; cut-dut308 is not so deep as to prevent failure of the flexing portions of the winged leaf 
: spring 306 as flexing of the winged lea? spring 306 provides shock absorption and • 

compression resistance which is preferably designed in disc 300 to mimic the. compression 
( .resistance and shock absorption characteristics of the natural intervertebral disc, or mat' 
provides the compression resistance apjpippriate to the particular procedure. • 
25 [00137] Although cut-out 30&is.shown as having a rectangular shape, the cut- 

' : out 308 may take on any other shape including, but not limited to circular, oval,' elliptical, 
[ kidneyrbean, or rectangular. The cut-out 308 may be larger in dimension than the central 
] body portion 314 of winged leaf spring 306 thus allowing for translational movement of the 

* winged leaf spring 306 within the cut-out By allowing translational movement, a moving 
30 ; instantaneous axis of rotation is created- which more naturally replicates the motion.of a - 

natural intervertebral disc. 
|" [00138] The disc 300 may include an upper endplate 302 having in inner surfece 

| comprising a mating surface 316 which' is dimensioned and configured to mate with the • 
! articulating surface 312 on the central body 314 of the winged leaf spring 306.;. I*eferably, ■ 
35 j me mating surface 316 is concave. Alternatively, however, the mating surfacemay have a 
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convex profile, and the mating surface 3J4 of fixe upper endplate 302 maybe tjohvexjand 
fheartiaila^ surface 312 of the central body 314 may be concave. As discusged ! 
previously inflation to other embodiments, the degree of curvature of the concave/convex 
surfaces maybe selected to provide the 'desired amount of articulation to mimic-the ; 
5 properties of the normal intervertebral disc, or may he as required for the particular 
procedure. 

[00139] In an alternative embodiment the lateral ends 310 of the winged Jsaf 
spring SO* may have a constant tmcknek length and width. Alteroanvely. me lateral ends 
310inay have a variable thickness, length, and/or width. The transition from the lateral: 
M) ends310 to the central body 314 may bl gradual such that the thickness gradually hfcreases 
from the outer periphery of the lateral ejage 310 toward the articulating surface 312 <jr it; 
may be frurly abrupt. In addition, the wmged leaf spring 306 may include one or more slots 
or grooves in either the lateral ends (not shown) to further increase the spring'* flexibility. 
[00140] Although shown as having a rectangular shape, the winged leaf spring 
15 : 306 may be any other shape including oval, circular, elliptical, kidney-bean, etc. Preferably 
the shape of the winged leaf spring 306jmatches with the shape of the cut-out 303 formed 
on the inner surface of the lower endplate 304. The winged leaf spring 306 ia preferably 
formed: from materials including, for example, ceramics, composites, polymersjor metals, 
such as cobalt-chromium alloys, stainless steel and titanium alloys. 
20 l[00141] Altenratively, the dike 300, may include a lid or ring member (not 

. shown), configured to retain the winged leaf spring 306 in the cutout 308, thus ^preventing 
the spring 306 from dislodging. In thi^anstancc, the lid or ring member may be attached to 
the lower endplate 304 after the winge^ leaf spring 306 is placed within the.rarTTOUt 308. 
The lid: or ring member may be attache^ to the lower endplate 304 by any fixation means 
25 known in the art including, but not limited to pins, screws, welding, bondin^ press-fit, etc. 
[00142] Disc 300 may also include stifthess restoration features such as an 
elastic membrane, an elastomer ring, bellow, springs, or fluid as previously discussed in 
relation to various other embodiments.; : Disc 300 may also incorporate additional shock 
; absorbing features as previously described in relation to other embodiments, for example, 
30 : m m^fr eturing portions of the disc from elastomeric material, etc. 

[00143] In addition, the articulating surfaces of disc 3D0 may be provided with a 
* surface polish or similar wear reducinglSSnish such as diamond finish, TiNi finfsh , etc. in 
order to minimize wear, decrease paruele generation, and increase disc life. ' 

.[00144] . Depending on the location of the spine where the disc 300 'is implanted, 

i 

35 thejdisc 300 preferably restores height,Vtiatural spine curve (or sagittal balance)^ stiffness, 
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offera compression stiffness, and allows.* range of motion similar to that deseed in 
relation to previous embodiments; 

[Q0145J As a result of the materials, geometry, and components usedi disc 300 
can allow fleapn/extensiou, lateril bending, axial rotation, and translation. depending,on 
the loading conditions imparted on me intervertebral disc. 

*' [00146] With reference to Figure 9, a seventh exemplary embodiment of an ( 
" intervertebral disc 350 is shown, bisc 350 has a generally circular shape with an upper. 
. endplate 352, a lower endplate 354, a leaf 'spring 356 and an articulating cap 358. However, 
i the disc 350 may take on other stapes that preferably conform geometrically and 
anamnucally with adjacent vertebral bodies; including, but not limited to, ktdney-bean 
shape, oval, annular, ellipsoid, (^shapei-D-shape etc. Other features described previously 
with respect to other embodiments, such as migration resistant structures, permanent ' 
fixation features and/or implant instrument attachment, guiding, and retaining structures 
maybe included on endplates 35i, 354.; Furthermore, the outer surfaces of the upper and 
15 lower endplates 352, 354 may be substantially flat, wedge-shaped, etc. The outer surfaces 
of me upper and lower endplates 352, 3*may also be dome shaped with their radii defined 
in the sagittal and coronal planes So generally match the shape of the ends of the adjacent 
vertebrav thereby providing a better fit in situ. Preferably, the upper and lower endplates 
352, 354 are made from metal. However, the upper and lower endplate 352, 354 may 
20 alternatively be made from other materials as previously described. 

[00147] As shown, the lower endplate 354 may comprise a fiist recess 362 
defined by a pairoffirst shoulder members 364. These shoulder members 364 are 
configured to support leaf spring ! 356 along a bottom surface of the.leaf spring near its outer 
perimeter, creating an axial gap between the leaf spring 356 and the recess 363L Thus,, 
25 • when an axial load is applied to the top-surface of the leaf spring, it may flex toward and 
: into uie recess. The pair of first shoulder members 364 may be integrally formed with the 
lower endplate 354 or they may comprise separate pieces. 

[00148] The lower endplate:^4 further may have apair of second shoulder; 
members 365 located axially above and.radially outward from the first shoulder members 
30 364; The second shoulder members 365; are configured to engage the perimeter edge of the 
leaf spring 356, to retain the spring laterally (ie. translationally) to ensure that the leaf 
spring remains centered with respect to' the first shoulder members 364 and the.reccss 362, 
. thus assuring appropriate spring flexion. The second shoulder members 365 may be 
configured to restrain the leaf spring so as to prevent all translationa! movement. 
35 Alternatively, however, the second shoulder members 365 may be laterally ofiset ftorri the 
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leaf spiingin at least one direction, thus.atiowing the leaf spring to translate in|ie at least 
pnediectiaa By allowing such translafibnai .movement, a moving instantaneous axis of 
rotation is created, which more naturally implicates the motion of a natural intervertebral 

5 [00149} A cover plate 360 maybe provided to cover the leaf springs preventing 

:the leaf spring fom moving axiafly out of engagement with the pairs, of first an$ second 
shoulder members 364- hi this embodiment, the cover plate 360 may he attached to the top 
surface.ofthe pair of second shoulder members 365. The cover plate 360 majf .be attached . 
to the second shoulder members 365 by^iny fixation means known in the art including, but 

10 next limited to press-fit, welding, pins, screws, bonding, etc. The cover plate 3^0 may have 
; an outer perimeter sized to approximate, the outer perimeter of the lower endplate 354, and 
an in ner opening 369 sized to accept an articulation element (to be discussed in. more detail 
below). The cover plate 360 inner opening may include an upwardly extending inner edge 
367 that may act in combination with ^corresponding surface on the upper endplate 352 to 

15 . limit articulation of the disc 350. The coyer plate may also be configured to accept a disc 

insertion instrument. The embodiment <>£Figure 9 illustrates the leaf spring 356 as a 

separate element from the lower endplacte 354, however, in an alternative embodiment 

shown 4n Figure 9a, the leaf spring 356 xijay be integrally formed with the lower endplate 

354/ • ■ ":S ." i 

20 [00150] The leaf spring 356imay be a spring-like element that ilexes under axial 

t. ; 
loading to provide shock absorption, flexion and compression resistance. Thaleaf spring 

: 356 may have a uniform thickness, or i&thickness may vary. In the embodiment illustrated 

• in Figure 9* the leaf spring has a greater 'thickness in die center than :at its ends; in the 
embodiment illustrated in Figure 9a, theieaf spring is thicker at the center and the ends, and 

25 ' has thinner segments between the ends- : and the center, rendering the leaf spring with a 
• : waved shape when viewed in cross section. The leaf spring may have any thickness 
. appropriate to provide the required shock .absorption, flexion and compression resistance. 
[00151] The leaf spring 356 naay be formed from any appropriate material 
known in the art, including, for example^ ;c'eramics, composites, polymers, or metals such as 
30 ? cbbaltichromium alloys, stainless steel fllnd titanium alloys. 

[00152] Articulating cap 3Sfcmay be provided with a convex upper articulation 

• surface 368 and with a lower, leaf spring^engaging, protrusion 370. The articulation surface 
36S may be configured to mate and articulate with a mating surface 371 formed on the inner 
surface of the upper endplate 352. The jrnating surface 371 may comprise a concave 

35 surface corresponding to the convex surface of the articulating cap 35& Alternatively, the 
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upper endplate mating surface 371 may (nk convex and the top surface of the articulating cap 
358 may be concave. The curvatures of respective articulation surface 368 and mating : 
surface 371 may be selected to preside the appropriate type and amount of articulation 
and/or translation to mimic the movement of the patient's natural disc, or as required for the 

•5* particular procedure. 

[00153] The mating surface371 ofthe upper endplate 352 maybe integral with 
. s the endplate, or as illustrated in Figure 9ait may be formed as a separate piece and attached 
to the endplate using any appropriate fixation method known in the art, and as previously ; 
. described for other embodiments. Whenifonned as a separate piece, the mating surface 371 
10 : may comprise a material different W.ifaat ofthe endplate, such as the various' materials 
described as appropriate for articulation: surfaces in relation to other embedments. The 
! mating surfece 371 may be recessed into- .> raised portion372 of endplate 352, which may . 
• allow the endplate 352 to be relatively 1hin without limiting the radius of curvature that may 
be provided for the concave mating sur&ce 371 and/or requiring the mating surface to be 
15 : too shallow. 

[00154] The raised portion.37!2 ofthe upper endplate 352 may comprise a raised 
; face S74 having a raised face height The raised face 374 may be configured to engage 
the upwardly extending inner edge 367;bf the leaf spring cover plate 360 to limit 
. articulation of the disc 350 in at least one direction. Alternatively, the raised fiace 374 and 

20 the upwardly extending inner edge 367!may be configured to limit articulation ofthe disc in 
all directions. In one embodiment, the raised face 374 and inner edge 367 may be 
configured to limit articuJation ofthe disc in a single plane only, (e.g. the medial-lateral 
plane)! The raised, face 374 and inner ddge 367 may comprise any combination of 
configurations appropriate to provide the disc 350 with the desired range of articulation in 

25 all planes. Thus, the raised face 374 h|tght a h" may be different at different locations 
about the disc* for example* the height may be smaller on the anterior and posterior 
sides ofthe disc 350 and greater on the lateral sides ofthe disc, thus controlling the degree 
of articulation in the anterior-posterioridfrection. Alternatively, the raised face 374 and 
inner edge 367 may comprise mating surfaces, such as flat faces, correspondingly curved 

30 surfaces, angled faces, stepped faces, etci, to control the degree of articulation ofthe disc in 
the desired direction. 

[00155] The bottom surfece ofthe articulating cop 358 may ftather comprise a 
protrusion 370 which is dimensioned atajd configured to mate with a groove 366 formed on 
the upper surface ofthe leaf spring 356-. Thus, the cap 358 may be at least partially 

35 restrained within groove 366. In one embodiment, groove 366 may be sized the same or 
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^nly flti^irt y larger than the promision 3jgP, thereby rendering the cap resUairie^ 
'transvCTsely. In an alternative embodinijenr, the groove may be larger than. the protousiofr in 
: at least one direction (e.g. along the ant^ior-postcrior axis), thus allowing the cap 358; to 
. move transversely (i.e. translate) in that jii^rection during operation. By allowing 
5 ! translational movement, a moving instantaneous axis of rotation is provided. This moving 
, instantaneous axis of rotation may mareinaturaliy replicate the motion of a natural 
; intervertebral disc. :- : 

[00156] Alternatively, the pijbffusion 370 may be rigidly secured within the 
; groovei366, thus permitting no transktipia movement. ; 
10 : [00157] It is noted that althaujgh the groove and protrusion ai^ ilkstfated as . 

' hayingisubstantially corresponding rectfcngular shapes, the protrusion 370 and groove:366 
may take on any other appropriate shapptoown in the art including, but not limited to 
circular, oval, ellipsoidal, etc., to provide the requisite translational freedom. 

* [00 1 58] In an alternative er^bpdiment, shown in Figures 9a through 9c, the leaf 
15 spring 356 may comprise a post 380 an&ithe cap 358 may have a groove 382 for receiving 
the post 380. The groove 366 and post^80 may be sized and configured to allow 
translation of the cap 358 with respect &( the lower endplate 354 in at least one direction. 
When the groove 366 and post 380 are ppfnfigured to allow translation of the cap 358; the 
cover plate 360 also must be configure^ so that the translating cap 360 does not interfere 
20 with the cover plate center opening 369. Thus, in such a case, the center opening may be 
elongated or rectangular in the directionjof translation. 

' [00159] The upper endplate|352 may include a recess 384 for receiving an 
artic ulating insert 386, the insert having a concave surface 385 configured to articulate with 
the convex articulating surface 368 of the cap 358. As previously described, providing a 
25 cctocave articulating insert 384 may provide the surgeon with greater flexibility in selecting 
the appropriate material to comprise th£ articulating surfaces while not affecting the / 
material of the endplaies 352, or otherwise affecting the design or installation of the other 
components of the disc 350, Thus the insert 384 may be formed of any appropriate material 
known in the art including but not limited to polymers including rigid polymers, such as 
30 PEEK or UHMWPE, ceramics, composites or any combinations thereof. 

[00160] When an articulating insert 386 is provided, the recess 384 in the upper 
endplate 352 may comprise a surface configured to retain the insert 386. The recess may 
comprise a radial ridge configured to fit; Within a corresponding radial groove in the insert 
such that the insert may be snapped info! the recess. Alternatively, the insert may be . 
35 attached to the recess via a press fit, by using a bonding agent, or any combination thereof. 
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[00161 1 In an alternative embodiment, disc 350 may also include stiffiiesa 
restoration features such as an elastic membrane, an elastomer ring, bellow, springs, or fluid 
aspreviously discussed inrelations to oiher embodiments. Disc 350 may alw. incorporate 
'additional shoe* absorbing features as previously discussed in relations to other 

■5 . .embodiments. . 

[00162] In addition, as discussed with previous embodiments, the articulating- 
^surfaces of disc 350 tnay include a surfece polish or similar wear reducing finish such as 
diamond finish, TiNi finish, etc. in order to minimize wear, decrease particle generation, 
and increase disc life. 

10 : . [00163] The disc 350 mdplates may have migration-resistant structures provided 
on *he outer surface of at least one or bdth of the endplates to impede movement, 
disfodgfrg, or expulsion of the endplates within and from the ends of the adjacent vertebrae. 
The tmgration-resistant structures include, hut are not limited to, flaps, spikes, tee% fins, 
! dejfloyable spikes, deployable teeth, flexible spikes, flexible teeth, aftemativery shaped 

j 5 teeth, msextable or expandable fins, screws, hooks, serrations, ribs, and textured surfaces. 

[00164] Furthermore, the upjper and lower endplates of disc 350 also may be 

* coated with a bone growth inducing or conducting substance to promote bony mgrowth to 
permanently secure the disc to the adjacent vertebrae. Alternatively, the upper and lower 

• endplates may have a roughened surface; a porous surface; laser treated endplate layers; 
20 integrate an osteoconductiveyosteomdwtive scaffold; or may be provided with or made 

from an integral osteoinductive and/dr osteoinductive material to promote bony ingrowth. 

[00 165] Depending on the location of the spine where the disc 350is implanted, 
the disc 350 may restore height, lordosis, stififcess, offer compression stiffiiess, and allow a 
range of motion intended to mimic that of the natural intervertebral disc, or as required for 
25 : the particular procedure. 

' [00166] As a result of the rrjaterials, geometry, and components used, disc 350 - 
can allow flexion/extension, lateral barfing, axial rotation, and translation, depending on 
. the. loading conditions imparted on me!intervertebral disc. 

[00167] With reference to Figure 10. an exemplary installation procedure will be 
30 described- Generally speaking the disc400 may include an upper endplate 402, a lower 

endplate 404 and a core mechanism 406, the core mechanism being any spring, slotted core, 
ring spring, leaf spring, coil spring, elastomer, fluid filled or articulating disc previously 
described herein. The intervertebral dsc 400 may be implanted in a modular fashion, for 
example, the endplates 402, 404 of disc 400 may be inserted into the intervertebral cavity, 
35 • using instruments such as a distractor and/or holder instrument. The intervertebral disc 
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spacemaytoen.be distracted using a standard spina] distractor which engages the fendplates ■ 
'402,404.' Trial- spacers may then be use)t to determine the appropriate size c^eWe 
^echanfem 406" to be inserted in me resitting disc space. In an exenmlary.einb;bdiment, fte 
: core mechanism, 406 is inserted and atta^ed to plates 402, 404 through me use of ^ 
.dovetail, slot, or similar connection. This'modular insertion technique may avoid over- 
.distiacnng the intervertebral space, which may damage surrounding tissue and^r blood 



{00168] Ahernatively, me mtervertebral disc 400 may be msertedpmassembled 1 
wim the use of particular insertion tools. iForexample, anendplateholdmgclipmaybe . 
10 . used fhat allows the endplates 402, 404 to be held and locked in a parallel and spaced 

. relationship as they are inserted into theyintervertebral space. Once implanted,:*? clip may ■ 
' be unlocked and removed from the endplates 402,404. The clip may then be removed from 
the intervertebral space. In addition, the disc 400 may be implanted in a compassed state 
to prevent over-distraction. The introduction of the disc 400 in a compressed ijtate may be 
15 . accomplished via a surgical insertion instrument or by an internal mechanism located in the 

disc 400. >• L 

[00169] An anterior, lateral, .or: anterolateral surgical approach may,-be used for 

' the intervertebral disc 400. Furmermore, dependi ng on the interverteoraldisc fO^tobe 
. implanted, a minimally invasive surgical method or a simultaneous distraction; and 
20 irnplantadan surgical method may be used. Simultaneous distraction and implantation may 
; be accomplished, for example, by using slots formed on the outer surface of the endplates 

402, 404 to guide the implant down the, distractor during implantation. Also, depending on. 
• the intervertebral disc to be implanted, an artificial Anterior Longitudinal ligament or the 
'. natural Anterior Longitudinal Ligamenf may be attached directly to the disc or to the 
25 adjacent vertebral bodies. Attachment pf the Anterior Longitudinal Ligamentjxiiay assist in- 
preventing movement^ dislodging or expulsion of the implant To assist with the 
' implantation of the intervertebral discs? the intervertebral discs may include alignment 
markers. 

[001 70] While various descriptions of the present invention are described above, 
30 it should be understood that the various features can be used singly or in combination 

thereof Therefore, this invention is not to be limited to the specific preferred; embodiments 
. depicted herein. 

[00 1 71] Further, it should be understood that variations and modifications within 
| the spirit and scope of the invention may occur to those skilled in the art to w£ich the 
35 ; invention pertains. For example, some portions of the implants disclosed hereinimay be 
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formed of bone, such as allografts, autografts, and xenografts, which may be partially .or 
folly demineralized. In addition, some plants may include bone m^srial or other bone 
growth inducing material in their.interio^ ; or on/in their endplates. Such substances in the 
■ interiors may be permitted to interact with-the surrounding anatomy, as with channels or 

5 \ other holes formed in the implant walls.> Also, intra and post-operative alignment markers 
may be used to assist with implantation of the intervertebral discs. Furthermore, the 
intervertebral discs can be made rigid in situations where fiision is necessary. The 
intervertebral discs may be made rigid by, for example, allowing fusion betw**n the • 
• endplates, inserting spacers between the^dplates, or by injecting a solidifying liquid . 

10 between the endplates. Accordingly, attexpedient modifications readily attainable by one 
versed in the art from the disclosure set iforth herein that are within the scope and spirit of 
the present invention are to be mcluded;as farther embodiments of the present invention. 
The scope of the present invention is accordingly defined as set forth in the appended 
claims. 
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i The Claims 

Wudl is claimed is 

. 1. An intervertebral disc for; placement between first and second vertebrae . 

Ssing: .;; 
5 . | ' . " an u^per endplate having a first-inner surface and a first outer surface, the first outer 

singes configured to contact the first veftebra; 

. a lower endplate having a secon&umer surface and a second outer surface, the 
Second outer surface configured to contact the second vertebra; 
1 a membrane extending between tibe upper endplate and the lower emulate; and 
10 ' at least one resilient member disposed between the upper and lower endplates; the 
: ijesiKent member associated with at leas^ one arcuate surface member configured to 
articulate within at least one socket associated with at least one of the endplates. 



i 
t 

!: 



2. The intervertebral disc according to claim 1 , wherein the at least one resilient 
Jnember further comprises a first end and a second end, the first end assodated.withthe 

15 arcuate surface member, the second erict'disposed within a recess formed in the .inner 
. i jyrfece of one of the endplates, 

. '. ■• • 

3, The intervertebral disc accordmg to claim 1 or 2, wherein the at least one 

i inmate surface member is fixed within the recess formed on the inner surface of one of the 
mdplates* 

20 I '4- The intervertebral disc according to any one of the preceding claims . 1 - 3, 
• Wherein the at least one resilient member further comprises first and second eids, each end 
-further being connected to a separate arcuate surface member. 

■ [ ' ■• 5. The intervertebral disc abcording to any one of the preceding claims* 1 - 4; 
^wherein the at least one arcuate member and the resilient member are configured to. allow 

25 translational movement between the upper and lower endplates. 

i ■ 

! : ■ 

i : 6. The intervertebral disc .according to any one of the preceding claims 1-5, • 
wherein the at least one resilient member, comprises at least one first resilient4nember and a* 
plurality of second resilient members. • 

• 7. The intervertebral disc according to claim 6, wherein the at least one first 
30 resilient member has a first spring constant, the at least one second resilient member has* a 
{second spring constant, the first and second spring constants being substantially unequal. 
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8. The intervertebral disc acceding to claim 7, wherein the first sp^g. constant, 
is substsntiaUyigreater than th- second spring constant " : j-" 

9. The intervertebral tfscacpo^ 

resilient-member, the second and third r&ilient members disposed nearer to a.pyerfpheral 
;' edge of .the disc than the first resident member. . •;. 

10. Thetatervertebnaaiscac_^rdmgtod^^ 

Member and the plurality of second resident members are each attached to at l^ast one. 
respective arcuate surface member configured to articulate within a corresponding 
respective socket formed on the inner surface of one of the endplates. 

1 1 . The intervertebral disc according to any one of me preceding;?^* I - 1 ft , . 
filrther comprising at least one elastometie strut disposed between the uppera^f lower. '■■ 



V-tJ 



1Z ! The intervertebral disc according to any one of the preceding; cj^ns 1 - 11; 
• 1 furtber comprising a casing member disposed adjacent the at least one resilic^.member, pie 
15 ' casingmember having an articulating sttrface configured to engage the atcni^surface ; , 
. member associated with the resiHent member. . • : . 

13. " The intervertebral disc according to any one of the preceding claims 1 - 12, : 
. wherdn the resilient member and arcuate teurface member are integrally form&L 

14. . The intervertebral disc according to any one of the preceding claims 1 r. 13, . 
20 fbrftercomprisirig a membrane ^spos^dbetweenmeupper and lower endpl^^ the. 

membrane encapsulates at least a portion of the at least one resilient member.; ; ■ 

15. . The intervertebral disc according to any one of the preceding claims 1 - lft ; 
wherein the membrane encapsulates the upper and lower endplates, 

1 6. The intervertebral disc according to any one of the preceding claims I - 15, 
25 wherein the membrane is formed of anelastomeric material. 

17. ■ The intervertebral disc according to any one of the preceding claims 1 - 16 3 . 
wherein the membrane comprises a bellow. ]\ 
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18. The intervertebral disc according to any one of the preceding claims 1 - 17, 
wherem:the endplates and membrane define an interior volume, the volume being at least 
partially filled with a fluid. j 

19. • The mtervertebralmsc according to claim 18, furtheff coinprising aya|vein 
communication with the volume for at lcjast partially filling the volume with the fluid. 

20- The intervertebral disc according to claim 18 or 19, wherein the fluid is 
compressible. , 

" " ' ' \: : 

21. • The intervertebral disc acWmg to claim 18 



10 ' 22. The intervertebral disc aijccndrng to any one of me preceding c|b^ 

wherein the membrane is at least semi-pjenneable. 

■: : £ 

23. The mtervertebral disc adco 
wherein the membrane is non-permeable. 

r ' " 1 K : : ■ 

24. 1 The intervertebral disc awarding to any one of the preceding claims 1 ■ 23, 
15 wherein at least one of the endplates is fanned from a material selected from fce group 

consisting of metal, polymer, ceramic ajjid composite. 

25. The intervertebral disc aciccrding to any one of the preceding claims 1 - 24, 
wherein at least one of the endplates is&nned of bone material selected from! the group 
consisting of cortical, cancellous, allogtjaft, autograft, xenograft, deminendizejd orpartially 

20 demineiralized bone. j: : 

26. The intervertebral disc according to any one of the preceding claims 1 -25; « 
further comprising migration-resistant skaictures disposed on at least one of the first and 
second outer surfaces. * 



27. The intervertebral disc according to any one of the preceding claims 1 - 26, 

f «* 
25 further comprising permanent fixation means disposed on at least one of the fpst and 

5 second outer surfaces. 

• • • 5 • ! 

28. The intervertebral disc according to any one of the preceding claims 1 - 27, 
! further comprising implant instrumentation attachment, guiding, or retaining structures 
[disposed on at least one of the first or second end plates. 
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29. The intervertebral disc for;placement between first and second ^r&brae 

comprising: : j- 

a first endplate having a first inner surface and a first outer surfhce, the fest outer 

'surface contacting the first vertebra; 
5 a second endplate having a second inner surface and a sfecond outer surface, the; 

second ^utejr surface contacting the seccfed vertebra; 

a membrane extending between ihi first and second endplates; and 
at least one leaf spring dispose4jietweenthe endplates, the leaf spring Ijpying first 

• and second ends, the first end attached to-the first endplate and the second end configured ti> 
10 be movable laterally along the inner sinj&ce of the first endplate in response to',a force on 

lie leaf .spring, ■ 

r: ' 

30. The intervertebral disc according to claim 29, wherein the ieafGpring second 
end further comprises a roller can£gure)i to allow the second end to roll along jhe 'inner 
surface of the first end plate in response* to a force on the leaf spring. 

15 31. The intervertebral disc according to claim 29 or 30, wherein the second end ; 

: further comprises an axle for pivotably mounting the roller. 

V 

32. The intervertebral disc aiicording to any claim 3 1 , wherein the roller 
. ' comprises a rounded end. 

• ; * ; ; j 

33. The intervertebral disc a&ording to any one of the preceding claims 29 - 32, 

20 wherein the leaf spring further comprises an intermediate portion disposed between the fir^t 

and second ends, the intermediate poitfon having an articulating surface configured to mate 

: ; - »• 
With die inner surface of the second endplate. 

■ . ,m • ■ I 

34. The intervertebral disc according to claim 33, wherein the inner surface of 
the second endplate further comprises an articulating surface configured to mate with the 

25 articulating surface of the leaf spring intermediate portion. 

35. The intervertebral disc according to claim 33, wherein the innet surface of ; 
the second endplate further comprises a' pad configured to mate with the articulating surface 

• of iflie leaf spring intermediate portion/ , .' 

*.» • 
.■ 36. The intervertebral disc according to any one of the preceding claims 29 - 35, 

30 » further- comprising a menjfcrane dispoted between the upper and lower mdpla^ the i 

; membrane encapsulates the leaf springy 
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[ ' 37. The intervertebral disc according to any one of the preceding cla&ns 29 • 36, 
^herem the membrane encapsulates theupper and lower endplates. j 
r . I • ; 

38. The intervertebxal disc according to any one of the preceding claims 29 - 37, 

{ ^herein; the membrane is formed of an elastomeric material. 

5 \ • 39. The intervertebral disc according to any one of the preceding dapns ?9 - 38, 
' ^wherein the membrane comprises a bellow. j 

j : 40. • The intervertebral disc according to any one of the preceding claims 29 -39; 

• ! wherein the endplates and membrane define an interior volume, the volume be«ig.at least. 
* ■ • * 

/•partially filled with a fhricL ; 

1 ' I 
IQ \ 4i, The intervertebral disc according to claim 40, further comprising a valye in 

j communication with the volume for at least partially filling the volume with the fluidi 
] • 42 The intervertebral disc acconfo^ 

j ■ • 1 ; 

\ compressible. 

I 43. The intervertebral disc aw^^ 

15 ; incompressible. 

" t 44. The intervertebral disc according to any one of the preceding claims 40 - 43, 

whetein the membrane is at Least semi-permeable. 

•. ■< 

. 45. The intervertebral disc according to any one of the preceding claims 40 - 43, 
wherein die membrane is non<penneahle*. 



20 



25 



* 46, The intervertebral disc according to any one of the preceding cfeims 29 - 45, 
wherein at least one of the endplates informed from a material selected from the group 
consisting of metal, polymer, ceramic and composite. 

47. The intervertebral disc according to any one of the preceding claims 29 - 46, 
wherein at least one of the endplates is formed of bone material selected from the group 
consisting of cortical, cancellous, allograft, autograft, xenograft, deminerahzedj or partially 
demineralized bone.^ ' 

48. The intervertebral disc according to any one of the preceding claims claim 
29 - 47, further comprising migration-resistant structures disposed on at least Okie of the first 
and second outer surfaces. 
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49. . The intervertebral disc according to any one of the preceding clrijns 29 - 48, 
further comprising permanent fixation nusms.disposed on at least one of the fij^t and 
second outer surfaces. 

**. 

50. The intervertebral disc aqcfcflding to any one of the preceding cUjims 29 - 49, 
5 wherein at least one of the endplates is formed of bone material selected from the group 

consisting of cortical, cancellous, aUograft,;autograft t xenograft, demmeraUzed or partially 
• demineralized bone. 

•51. An intervertebral disc forplacement between first and second vertebrae 
comprising: 

10 a first endplate having a-first inner surface and a first outer surface, the^first outer 

surface contacting the first vertebra; ^ • 

a second endplate having a second inner surface and a second outer surface, the 
second outer surface contacting the second. vertebra; I. 

a membrane extending between the first and second endplates; 
15 an articulating member disposed between the first and second endplates, the 

articulating member having a first and- second surface, the first surface being Configured to 
mate with the inner surface of at least o£e endplate; and 

a shock absorbing element disposed between the second surface and one of the 
endplates. ? 

20 52. .The intervertebral disc according to claim 5 1 , wherein the inner surface of 

one of the enddplates further comprises an articulating surface configured to mate With die 

y 

articulating member. 

53. The intervertebral disc according to claim 51 or 52, wherein the articulBiting 

surface further comprises an articulating pad. ; 

[ . ' ' ' P ' ' \* 

25 54. The intervertebral disc according to any one of the preceding cjisriros 51-53, 

wherein the articulating surface further, comprises a recess sized and configuf ejd receive at 

least a portionof the articulating pad, the recess further configured to allow the articulating 

pad to translate in at least one directionwith respect to the articulating surface, 

55. The intervertebral* disc according to any one of the preceding claims 5 1 - 54, . 
30 i further comprising a membrane disposed between the upper and lower endplates, the 
j membrane encapsulates the articulatin&member. 
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56. The intervertebral disc acceding to any one of the preceding ciaSnf 5.1 - 55, 
wherein &e membi^e encapsulates the and second endplates. • . 

57. The intervertebral disc aocprding to any one of the preceding claims 1 51-56, 
wherein the membrane is formed of an etestoroeric material. 

5 58, The intervertebral disc according to any one of the preceding claniis 51 - 57,- 

wherein the membrane comprises a belief and wherein the bellow encapsulates! at least the 
. shock absorbing element. • I . 

' 59. The intervertebral disc aepprding to any one of the preceding clmos 51 - 58, 

wherein, the.endplates and membrane define an interior volume, the volume beiajg at least ■ 
» * •■ ■ * * . 

10 partially* filled with a fluid. j . : 

60. The intervertebral disc according to claim 59, farther comprising* valve in 
communication with the volume for at teast partiany miing the volume with tiie^luid. ; 

61. The intervertebral disc according to claim 59, wherein the fluid; is . 

: ' i 

•compr^sible. . : ; | . 



15 62. The intervertebral disc according to claim 59 or 60, wherein thfSmd is 

lincami^essible. : .j 

63. The intervertebral disc according to claim 59 or 60, wherein the tnembraneis 
: . : at^^asfc'isemi-permeable. t . * ■ 

• 1 4 '*• 

^64. The intervertebral disc according to claim 59 or 60, wherein thp.£ftembrane. is 
20 : ; non-permeable. :j 

■ 65. The intervertebral disc according to claim 51, wherein at least 6 

• j "7 * *."•!" 

; endplates is formed from a material selected from the group consisting of meta£ polymer, 
j ceramic. and composite. ' . 

.66. The intervertebral disc according to any one of the preceding claims 5 lr 65, 
25 wherein at least one of the endplates is formed of bone material selected front tke group 
consisting of cortical, cancellous, allograft, autograft, xenograft, deredneralizedjor partially 
demineralized bone. 
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I 67. Hie intervertebral disc according to any one of the preceding claims 5 1 t 66, • 

further comprising migration-resistant structures disposed on at least one offlpe first and, 
;. second outer surfaces. j 

68. The intervertebral disc accbirding to any one of the preceding ctaims.51 - 67, 

5 : further comprising permanent fixation i^eai^ disposed on at least one of the &st and ■ . 
: : ! i 

; second outer surfaces. 

• ■ *•.'** 

j 69. The intervertebral disc according to any one of the preceding <Maims 51 -'68,. 

. : . further comprising implant instrumentation attachment guiding, or retaining structures . 
disposed on at least one of the first anisecond inner and/or outer surfaces, 

10 70. The intervertebral disc ^placement between first atdsecoh^yertebra^ 

i comprising: j ; 

a first endplate having a first inper surface and a first outer surface, Jflie first outer 
j surface contacting the first vertebra; ;*. ■ . . 

a second endplate having a second inner surface and a second outer suiiace f .the 
IS j second outer surface contacting the seepjad vertebra; and • 

a slotted core disposed betweeiithe first and second endplates, the c36tted core' ' 
' having a first and second surface, the fiist surfece configured to mate with a pocket fonned : 
: on the inner surface of first endplate, and the second surface comprising an articulating 
: surface configured to mate with a corresponding surface associated with the second " ■ 
20 !. endplate. 

i • • "i ' 

71. The intervertebral disc -according to claim 70, the slotted corej first surface 
having a first diameter and the pocket having a second diameter larger than the first " 
diameter so that the slotted- core may translate within the pocket. 

* • 

72. The intervertebral disc kecording to claim 70 or 71, further comprising a lid: 
25 disposed between the first and second 'endplates, the lid configured to engage at least a ■ 

portion of the pocket and the slotted cine to axially retain the core within the pocket 

73. The intervertebral disc according to any one of the preceding:olaims 70 - 72; 
wherein the second surface of the slotted core is configured to articulate within the second 

, endplate corresponding surface. 
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74. The intervertebral disc according to any one of the preceding claims 70 - 73, 
; further comprising a membrane dispose)? between the upper and lower endplates, the . 
: membrane encapsulating at least the slotted core and pocket 

75 The intervertebral idisc according to claim 74, wherein the membrane further 
5 encapsulates the upper and lower, endplates. 

76. The intervertebralidisc according to claim 74, wherein the membrane is 
fbnriedof an elastorneric material. , \' m . 

77. Trie intenrertebi^ disc 

^rt^dhthe membrane comprises a beffow; | 

l(j 7g. The intervertebral disc ibfcording to any one of the preceding claims 74 - 77, 

wherein the endplates and membrane Refine an interior vohrme, the volume ibeing at least 
papally filled a fluid. \ 

79/ The intervertebral disc decotding to claim 78, further comprising a valve in 

csnraunication with the volume;for alfteast partially filling the volume with; the fluid. 

' • * ' 

15 80. The intervertebral disc According to claim 78 or 79, wherein the fluid is 

compressible. 

** . .81. The intervertebral disc ijaccording to claim 78 or 79, wherein the fluid is j 
incompressible, 

82. The intervertebral disc according to anyone of tte 
26 wherein at least one of the endplates informed from a material selected from; the group 
consisting of metal, polymer* ceramic jand composite. 

1 i : 83* The intervertebral disc^ccording to any one of the preceding^claiins 70 - p2; 

; wherein at least one of the endplates formed of bone material selected fnsm : the gjoup 

I consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized or partially 

25 I demineralized bone. 

84. . The intervertebral disC:iecdrding to any one of the preceding claims 70 -'83, 
further comprising migration-resistanti structures disposed on at least one of the first and 
second joutex surfaces. 



i 
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: '85. Themtervertebnddis^ 
' faxt^Bt comprising permanent fixation means disposed on at least one of the first and 
secondouterswfaces. f 

, \ ' ' . 86. The intervertebral disc a^iwiding to any o 
5 " furfher coraprising implant instrumental attachment, guiding, or retaining structure 
' «' disposed on at least one of the first and second inner or outer surfaces. 

87. , An intervertebral disc fer placement between first and second* viartebrae 

: comprising: : i- 

■ J. a first endplate having a fiminn^ 

10. 1 1 -surface contacting the first vertebra; i ' 

a second endplate having a sector 
• •»*• • fi." ■ ■ 

second outer Surface contacting Ac se^tod vertebra; 

\ . ' "t a cap having a top surface and ijottom surfece; the top surface being configured to 

mat? with the* inner surface of the fii^endplate; and 

IS : .! ■ ( ; ■ f a ring-spring disposed betweeilihe bottom sur&cc of the cap and toemner surface of 

% the second endplate. j' . 

* i ' 

. . 88. The intervertebral disc according to claim 87, wherrintte ring spring has 

first and second surfaces, the first surfece configured to mate with the bottom surface of the 

: cap. and the second surface configured [to.mate with the pocket formed on the inner surface- 

- i . 

20' . of i^second endplate. j 

. The intervertebral disc according to claim87or 88/fuilhercofl^risingaslot 

• defining a gap between first and second end feces of the ring spring, whereiit : 1he gap is 

sized to allow the ring spring to resiliency compress so that the end faces approach each 
■ . • '•* 
: other ^when a. compressive force is placed on the ring springby the cap* 

i ' 

25 90. The intervertebral disc jaccording to any one of the preceding claims 87 - 89, 

thering spring farther comprising a fifst diameter, and the bottom surface of the cap having 
an axial protrusion comprising a second diameter, the first diameter being substantially 
larger than the second diameter, wherein when the bottom surface of the cap engages the 
top fiist surface of the ring spring, the: cap may translate with respect to the ring spring. 

•* ». 
30. 91 , The intervertebral disc {according to any one of the preceding claims 87 - 90, 

. further comprising a plurality of slots ibcated between the first and second surfaces, the 
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^ •slbte^pendiv^ to render at least a.porttattqf the ring spring resUiently c^xnpie^W^ii^i a 
! compressive force is placed on the ringrjprmg by the cap. 

92. The intervertebral disc avoiding to claim 91 , the protrusion comprising * 
' ■ radial Jip having an outer diameter larg&.fhan the first diameter of the ring spring, the lip 

5 allowing tjie cap protrusion to be press-jit into the ring spring first diameter. 

93. The intervertebral disc according to anyoneoftbepiecedingclaims;87 -:92,. 
fu^her camprisrng a lid disposed betw£*i the first and second end plates, the lid configured 
ttj engage.at least a portion of the pocket ,and either the ring spring or the cap to axially : 
rfetam*theiing:Spring and the cap withfci the pocket. 

10 94. The intervertebral disc j&otdmg to anyone of the preceding claims 87 "-[93; 

fbrther<»mprismg a membrane dispos^betweentheupper and lower end|dates, 

,;• • : • . • 

' 95. • The intervertebral disc according to any one of the preceding claim* !?7 • J94, 
further oon^pfl rc sing 

a membrane disposed between the upper and lower endplates, tb$ ; 
. membrane encapsulating at least the cap, ring spring and pocket, 

15 96. The intervertebral disc according to claim 95, wherein the membrane 

encapsulates the upper and lower endplates. . . 

... • " ' p 

. 97. The intervertebral disc According to claim 95 or 96, wherein the membiane is 

formed of an elastomeric material. 

V ' : i: . 

" '98, The intervertebral disc according to any one of the preceding claims* 95 - 97i 
wherein the membrane comprises a beflow. ■ " . 

' 99. The intervertebral disc according to any one of the preceding claims 95 - 98 » 
wherein the endplates and membrane define an interior volume, the volume being at least 
partially filled a fluid. j 

100. The intervertebral discapcording to claim 99, further comprising a Valve in . 
25 communication with the volume for atleast partially filling the volume with the fluid. ' \ 

t 

10L The intervertebral disciocording to claim 99 or 100, wherein the fluid is 
incompressible. 

. 102. The intervertebral disc .^cording to claim 99 or 100, wherein" the ffofaia 

v . ; . ■ 

compressible. 
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. '■ - ] , 103. The intervertebxal disc ^cording to any one of the preceding claims 87 - 
' l^wherein at least one of the endpla^s is formed from a material selected from the group', 
consisting of metal, polymer, ceramic and composite. 

104. The intervertebral disc Recording to any one of the preceding claims 87 - 

5 I03. vmerein at least one of the endplafes is formed of bone material selected ftbm the ; . 
group: consisting of cortical, cancelloui allograft, autograft, xenograft, deranerajized or ; 
•' partially demtneralized bone. ' ■ 

105. Themtervertel^aisc|ccordm^ 

104. further comprisiiigmigration-resiW ! 
10 . and second outer surfaces. '■ 

106. The intervertebral disc according to any one of the preceding clagns 87 - > f 
:lb5 ; . further comprising permanent fixation means disposed on at least one of the first and \ 

. second outer surfaces. 

• v ' * 

107. The inteivertebral disc *^ 

15 i:06,fiiiihercoxnprisingiroplantiM or re taining 

structures disposed on at leasfcone of tfre first and second inner or outer surfaces. 

108. An intervertebral disc for placement between first and second vertebrae 
comprising: | • 

a first endplate having afirst inner surface and a first outer surface*, the first outer . 
10 . surfeee [contacting the first vertebra; j 

a second endplate having a secpnd inner surface and a second outer surface, the 
second outer surface contacting the second vertebra; 

a leaf spring having first and second resilient ends, configured to engage the second* 
. endplate, and a length, the leaf springijSirther comprising a central body having first and 
IS second surfaces, the first surface comprising an articulating surface. 

'. 109. The intervertebral disciaccording to claim 108, wherein the secondendplate: 
further comprises a recess haying a length smaller than the leaf spring length* wherein when 
the leaf spring engages the second endplate so that the first and second resilient ends are 
supported on the inner surface of the endplate and the central body is positioned over the 
\Q endplate recess, at least a portion of the central body may move into the recess, when a . 
compressive force is applied to the leaf spring first surface allowing the second surface jo . 
contact the recess surface. 
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• 110. The intervertebral disc apcording to claim 1 08 or 109, the reces!* further 
comprising a recess surface, the leaf sprang second surface and the recess surface! 
configured to define a gap therebetween" so that when a predetermined compressive force is 
applied to the leaf spring first surface the leaf spring second surface contacts at least a 
5 ; portion of the recess surface. 

•111. The intervertebral disc Recording to any one of the preceding claiips 109 - 
[ 1 1 0, wherein the central body and the Recess are configured so that the leaf spring may 
translate in at least one direction with respect to the second end plate. 

. 112, The intervertebral disc ^cording to any one of the preceding daimslOS-* 
10 ; 111, wherein the first endplate further comprises an inner surface having an articulating . 

• surface configured to correspond with the leaf spring articulating surface 

113. The intervertebral disc according to claim 112, wherein the articulating 
surfaces are configured to allow the leaf .spring to articulate, and to translate, relative to the 

. ; . ! ' . ' 

• first endplate. : 

• ■ • 

15 • 114, The intervertebral disc according to any one of the preceding claims 108 V 

1 13, further comprising a membrane disposed between the first and second endplates. 

1 15. The intervertebral diso aqcording to claim 114, further comprising a 

membrane disposed between the uppeipand lower endplates, the membrane encapsulating : at 

.! ■.! • . ' • 

least the leaf spring. l \. 

20 5 1 16. The intervertebral discj&'cording to claim 1 14 or 1 15, whereii-the • 

: membrane encapsulates the first and spcond endplates. J . 

117. The intervertebial disc, according to any one of the preceding claims 114- ' 

•j: } V " \ 
116, wherein the membrane is formedf of an elastomeric material. 

* * ! ' 

! 11.8, The intervertebral disaccording to any one of the preceding claims 114 - 

25 . 117, wherein the memb^e comprises ^ bellow. 

. . *. 

119. The intervertebral disc ^according to any one of the preceding fclalms 1 14- 
1 18, wherein the endplates and raemb : rane define an interior volume, the volume being at 
least partially filled a fluid. 
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120. : The intervertebral disc according to claim 1 19, further comprising ajvalve in 
communication with the volume for at least partially filling the volume with' the fluid, • 

- 121 . . The intervertebral disc according to claim 1 1 9 or 120, wherean the fluid is 
incompressible. 

5 • 122. * The intervertebral disc according to any one of the preceding claims 108 » 

121', wherein at least one of the endpiatcs is fonned from a material selected torn the gronp 
consisting oftaetal, polymer, ceramic atidcomposite. 

• ••. : . .* ; . ; • 

123. 1 The intervertebral disc according to any one of the preceding claims 108.- 

122, wbcrcin at least one of the endplates is farmed of bone material selected fomthe 
10 group consisting of cortical, cancellous* allograft, autograft, xenograft, demineralized or 

par tiall y deminerali2ed bone. : 

124. ■ The intervertebral disc according to any one of the preceding claims 108= 

» * j ■ 

123, further comprising migration-resistant structures disposed on at least one of the first- • 

and second outer surfaces, 

i • • .■ 

IS • ; 125. The intervertebral disc arictading to any one of the preceding claims 108- - 

124, further comprising permanent; fixation means disposed on at least one of the first and 
second outer; surfaces. I 

' 126. . The intervertebral disc according to any one of the preceding claims IDS 

125, further comprising implant instrumentation attachment, guiding, or retailing structures 
20 : disposed on at least one of the first and second inner or outer surfaces. 

127. An intervertebral disc for placement between first and second Arertebrae 
comprising: 

' a first endpiate having a first inner surface and a first outer surface, fhe-firsjt outer 
surface configured for contacting the first vertebra; 
25 • a second endpiate having a secpnd inner surface and a second outer surface, the ' • 

second outer surface configured for contacting the second vertebra; 

a first articulation member having- a first surface associated with the first e&dplaie, 
a leaf spring having at least a first surface associated with the second endpiate and a 
second surface associated with a second surface of the first articulation member, ■ 
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therein the, first articulation member ii configured to allow the first and secf^id endpjates 
to aitfculate with respect to each other, jand the leaf spring is confined to allow die end 
plates io approach one another in response to a compressive force applied to at least one of 
the end plates, ! 

; s ; ; \ \; 

: : 128; The intervertebral disc according to claim 127, wherein at leait one of the 



fi^; endplate inner surface and the first articulation member first surface comprises a 
v concave surface, the other surface bein£ convex, the surfaces configured to allow the 

articulation member to articulate with respect the first endplate. 

. * • 

. 12ft, The intervertebral disc according to claim 127 or 128, wherein the first 
10 endplke inner surface comprises a confcaveshape, and the first articulation inember 
comprises a corresponding convex shape. 

130. The intervertebral disc jwcokHu^ to any one of the piTecedmg 
I£9, further comprising a second articiilation member having a first surface .associated with 
. the first endplate inner surface and a second surface associated with the first articulation 

i * 

15 ' member, first surface; \ a * 

' ;' ! * ' ' i ! ' : - ' ' 

131 ! . The intervertebral disc According to claim 130, wherein the second 
articulation member second surface is tqncave and configured to correspond to a convex 
first surface of the first articulation member. 

132. The intervertebral disc according to claim 131, wherein the concave and 

.. . ! • « ■ • 

20 convex surfaces are configured to allow both articulation and translation between the 

* \ ' *. ' ' 

• articulation members. \ . • 

.:--'* '- f: ' : 

• i ... 

: 133. The intervertebral tfsc -according to any one of the preceding jclaims 130 - 

132, wherein at least one of the articulation members comprises a material that is different 

* • • 
from Jhe material of one of the first orlaecond endplates. 

.* * * I'. 

25 * 134. The intervertebral disc ^cording to any one of the preceding claims 127 - 

133, wherein the first endplate inner surface and the articulation member first surface are 

»■ \ " ". ' 

. further configured to allow the articulation member to translate relative to the first endplate. 

i T ; 

: 135. The intervertebral disc According to any one of the preceding claims 127 - 
134> the second endplate further comprising a recess in the second inner surfkee, the leaf 

30 • spring having a length sufficient to spanthe recess so that at least opposite ends of the leaf 

r 
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! spriagrare supported by the inner surface and a central portion ofthe leaf spring is 

■*.... ■ • „■ . ~ • « 

positioned ova- the recess, wherein when the central portion may ir*ove into the recess when • 
a compressive force is applied to a second surface of the leaf spring. 

136. The intervertebral disc according to claim 135, the second endplate further ; 
'5 comprising a perimeter edge sized and-.configured to allow the leaf spring : tb translate with 
respect to the second endplate in at lea& one direction, 

• ' 137. The intervertebral disc according to claim 1 35 or 1 36, the second endplaije 
further comprising a perimeter edge siied.$nd configured to prevent the leaf spiing.fiom 
! translating in at least one other direction :'j 

10; . 138. The intervertebral disc according to any one of the preceding claims 1 34 .- : 

137; the leaf spring second surface farther comprising a recess configured to accept a 

. projection formed on a second surfece&f the articulation member. 

; .« " : 

139. The intervertebral disc according to claim 138, wherein the recess and • . 

• projection are sized and configured to allow the articulation member to translate in at least 
15 ; onejdirectioa relative to the leaf spring... < ! , ; 

t ' ' ' \ '•• . • 

" 140. m The intervertebral disc according to any one of the precedii^ claims 13 6> 
139 ? fhrther comprising a cap memberconfigured to engage at least a portion *>f the second \ 
' . endplate, and to cover at least a portion of the leaf spring to prevent the leaf spiring from 
' axially disengaging from the second endplate. 

20 \ 141. The intervertebral disc according to any one of the preceding claims 135 - « 

; 140, the- cap member further comprising at least one raised ridge configured to" contact at ' 

; least one raised ridge associated with the first endplate to limit articulationbeiween the \ 

• endplates in at least one direction. ! 

! : " 142. \ The intervertebral disc Recording to claim 141, wherein the/raised ridges. 
25 j have corresponding flat surface profileji. 

• i 

: % 143. The intervertebral disc according to claim 141 or 142, wher^m jthe raised 
*• ridges have correspondingly angled surfaces. 

■ '.!' : . 1 

j ' 144. The intervertebral disc according to any one of the preceding claims 127- 
| 143* wherein at least one of the endplates is formed from a material selected feom the group : 
30 |* consisting of metal, polymer, ceramic <and composite. 
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• 145, The intervertebral disc according to any one of the preceding, qjtoims 127 - 

144, wnerem'at least one of the endplates is formed of bone material selected<ftom the 
group,consisting of cortical, cancellous; allograft, autograft, xenograft, deniiiipralizedior 
partially demineralized bone. 

5 146. The intervertebral disc according to any one of the preceding claims 127 - 

145, further comprising migration-resistant structures disposed on at least one of the first 
and second outer surfaces. 

147. The intervertebral disc according to any one of the preceding claims 127> '• 

146, further comprising permanent fixation means disposed on at least one of the first and • 
10 second outer surfaces. 

i " ■ ... ' X ' 

148. The intervertebral disc ^according to any one of the preceding claims 127 «• 

' 147, further comprising implant tostnichentation attachment, guidipg, or retaming structures 
disposed on at least one of the first and. second inner or outer surfaces. 
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Figure 9a 
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Figure 9c 
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